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PREFACK 



Ths word 'fleah,' like bo many other wordB in t 
language, has come to have a very extended application, and 
although in ibi Btricteat sense it is npplied to the muscular 
tissue only, yet it ia often uiied to connote the eombined mus- 
cular and connective tiasue (including fat and bone), or even 
the whole of the interior organs and tissues of an animal. It 
ia with fieab in the sense of muscular fibre that this book chiefly 
deals, although the connective tissue and blood are touched 
upon aa being intimately associated with the muscle. 

It has been the author's endeavour to collect and suiamartsc in 
a convenient form, records of inveatigationa which are, for the moat 
part, acattered throughout English and foreign acientific bouka 
and periodicals, and to select such methods as appeared moat 
auitable for the examination of meat aud its preparations. 

In describing these methods an elementary knowledge of 
onaljrtical chemistiy and bacteriology on the part of the reader 
has been assumed, so as to save the space which would have been 
required for details which may be found in any general text-book. 

The author gratefully acknowledges the valuable assistance 
given him by many friends in the preparation of thia book, and 
especially by Mr. Otto Hehner, and by Dr. Sykes, editor of the 
Atmlyat, to whom he is also indebted for the loan of nunierotia 
preparations of the paraaitea of flesh. 
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CHAPTER I. 



STBTTCTUBE Aim OHEHIOAI, COHFOSIIIOH OF 
KUSCULAB TISSUE. 

STRUCTDRE OF MUSCLE. 

OLASSIFIOATION OF HTTSCULAS FIBRES. 

Flxsb, in ita primary sense of muacular contractile tissue, oon- 
sistB of numberB of fibres lying side by side, and united by means 
of connective tissue carrying the nervee and blood-vessels. These 
muscular fibres may be classified into three groups in accordance 
with their appearance under the microacopte. 

1. Unatriated involuntary muscle of the alimentary canal, 

blood-vessels, intestines, bladder, etc. 

2. Striated involuntary muscles of the heart. 
Z. Striated volunta^ muscles. 

1, HoQ-Striated Unscfe. — The unatriated or smooth m\i8cular 
fibres, which are not under the control of the will, are composed 
of a number of small fibre cells, which are usually spindle-shaped 
and contain an elongated nucleus, the ends of which are surrounded 
by granular protoplasm. Although usually described as unatriped 
muscle, a longitudinal striation may frequently be observed in the 
fibres, eapeci^ly after they have been treated with reagents. 

2. Cardiac Uuscle. — This occupies an intermediate position, as 
regards structure, between the non-striated and striated musole. 
It oonsists of elongated and branched cells, each of which contains 
a nucleus, and is marked by faint longitudinal and rough trana- 
Tana striations. 

8. Tolimtary Striated Muscle. — The transversely striped 
moacular fibres, which, from the fact that they compose the 



muscular tiaaue under the coutrol of the will, are often de- 
scribed as volimtary muscles, oonaiat of long contractile fibres about 
^ij-incb in diameter, and as mucb as an incb or more in length. 




Each fibre is surrounded bj an elastic envelope or gareolemjna, 
which is a atnictureleas proteid body. On breaking a fibre in two, 
the ends of the sarcolemma may often be left attaclicd to the two 




Fio. i. — CudlM mnMuIar fibre. A, miucnlftr fibrta from tlia heart of a 
munnul, and C, ftom a froe ; B, tranireru uotion of the catdiu fibrai ; 
b, oonaectire tiaeue corpiucles ; c, oapQUrie*. {Laiuluiil and SirUiuj.) 

fragments. The fibres, with their surrounding sarcolemma, are 
bound together by a variety of connective tissue, in which lies a 
deposit of (at. From the interior of the fibre a viscoua liquid 



CLASSIFICATION OF MU8CULAB FIBHE3. 



ivbicb readily 
koown as mvsele pti 



to a soft jellf can be expressed. This is 






— MnscuUr Stiro of grist 
adductor of R«bbit. UriDg (nd 
extended, a, dim diio ; b, li^t 
disc ; «, inttrniedUto nr Dohi*'* 
line ; k, nurlsuB seen in proGlo. 
Emminni in its own juioa. x 
BOO. iSirling.) 

Voluntary mnacle shows but little verticul striation, but bFis 
tchorHcteristic tnuisverae nmrkings composed of alternating dark 
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and bright lines. When examined under higher powers of the 
microscope, the lighter stripe shows a further division, a thin black 
line, known as Krause^a membrane^ making its appearance. In the 
darker stripes a region less dark than the rest may also be 
observed. This is known as Hensen^s disc. 

Striated muscle, after being steeped in alcohol or chromic acid, 
can be resolved into fibrUlx, in each of which alternately light and 
dark transverse markings are visible. Horizontal cleavage can be 
brought about by macerating the fibres in dilute hydrochloric 
acid, which creates a tendency to split across through the bright 
bands, into a number of discs termed discs of Bofoman, The 
niunberless small particles which would be produced by a simul- 
taneous vertical and horizontal cleavage were called by Bowman * 
sarcous dements — a term which is now used in a different sense. 

Sub-division of Voluntary Muscle, — ^The voluntary muscles of 
some animals show distinct differences in appearance, some being 
jxjUe and others red. In the pale muscles, an example of which is 
seen in the breast muscles of a hen, the striations are well marked, 
and the longitudinal markings very faint ; in the red muscles the 
vertical striations are much more plainly visible. The red muscles 
contract more slowly than the pale muscles, the fibres are thinner, 
and they contain more sarcoplasm. 

Double Refraction of Muscle, — The property of double refraction 
is a characteristic of muscular fibre, and is readily demonstrated 
by means of the polariscope. It is especially marked in the case of 
striated fibre, though also clearly discernible in the smooth variety. 

Muscle Plasma. — When dead muscular fibre is examined, all 
the contents of the sarcolemma are solid ; but by rapidly freezing 
living muscular fibre and applying pressure, it is possible to 
express a viscous liquid which readily congeals to a soft jelly. 
This is known as muscle plasma, and it is the coagulation of this 
plasma which causes the rigidity of muscular tissue, or rigor 
mortis, which rapidly sets in after death. The coagulation is 
retarded by cold, but only in the case of cold-blooded animals is 
it possible to thus delay it sufficiently to enable the plasma to be 
collected. According to EUhne the contents of the sarcolemma 
consist of sarcous elements siispended in this liquid, and the 
changes which these bodies imdergo in their form cause the con- 
traction of the muscle. 

♦ FhU, Trans. Roy, Soc, 1840, p. 457. 
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CHEMICAL COMPOSITION OF MUSCLE: I. ORGANIC 
COMPOUNDS. 

A.— PEOTEIL OONSTITUENTS. 

The Sarcolenuna. — This is composed of a proteid substance 
which is somewhat related to that of elastic tiaaue, from which, 
however, it diffeis in being slowly disaoWed by acids and alkalies, 
and in being more readily acted upon by peptic and pancreatic 
enzymes. 

Muade Plasma. — Preparaiion. — Eiihne'a method of preparing 
this is to free the muscular tissue of a frog from blood by injection 
of a solution of salt (0'6 per cent.) into the aorta, and to treat 
the fibre cut into small fragments, at 0° C, with more of the salt 
BolutioD to eliminate the lymph. The fragments are then frozen 
by exposure to a temperature of — 7' C, cut into alicea with chilled 
knives, pounded in a cold mortar, and pressed in linen at the 
ordinary temperature. The expressed liquid, which has a tem- 
perature of about 0* C.| is filtered through paper moistened with 
ice-cold salt solution. 

FrotflidB of Hoscle Plasma. — Neumeist«r* gives a description 
of these, of which the following is a summary : — 

Myogen fibrin. — On warming muscle-plaama to about 40° C. 
coagulation takes place — a proteid substance, named myogen 
fibrin by Fiirth,f being deposited. The amount of this varies in 
different animals, a larger quantity being obtained from frogs' 
muscle, for instance, than from that of mammals. 

Myoain.- — On dialysing the plasma, from which the myogen 
fibrin has been removed, for twelve to twenty-four hours, in 
running water, and subsequently in distilled water, a voluoiioous 
precipitate ia obtained. This proteid, termed myosin by Fiirtb, 
can also be precipitated by adding ammonium sulphate until the 
solution contains 23 per cent. It is of a globulin character. 

Myorin fibrin. — When a neutral aqueous solution of myosin, con- 
taining salt, is allowed to stand, it gradually becomes turbid and 
deposita a flocculent precipitate — myotin fibrin. This is insoluble 
iu neutral liquids, and is regarded as an insoluble modification of 
myosin. It is completely precipitated from neutral solutions of 
myosin at 60* C. 

Myogen. — Myosin composes only about 20 per cent, of the 

proteids of plasina (rabbits'), the remaining 80 per cent consisting 

of a proteid not precipitated by dialysis — myogen. It can be 

' Phgt. Chen., Ti. iOl. 

t Arch. Erptr. Paih. u. FHarm., lEBS, 86, p. 231, etc. 
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isolated by complete saturation of the muscle plasma with 
ammonium sulphate after the myosin has been removed by 
partial saturation. It is not a globulin. On adding acetic acid 
or mineral acids to solutions of myogen, and then neutralizing, 
eyntonin is precipitated. 

Soluble myogen fibrin appears to be an intermediate stage in 
the formation of myogen fibrin. 

Neumeister gives the following genetic scheme of the pro- 
duction of muscle fibrins from the plasma, and considers that 
some such change probably takes place in the alteration which 
occurs in muscle after death : — 

Myosin. Myogen. 

I I 

Myosin fibrin. Soluble myogen fibrin. 



Myogen fibrin. 

Myoproteid, — Fiirth has isolated from the muscle-plasma of 
fish a proteid substance which he terms myoproteid, 

Nucl^ins. — These are not present in great qusintity in muscular 
fibre. In dogs' muscle they amount to about 0'37 per cent. The 
muscles of embryos, the composition of which is more akin to 
that of yoimg cells, contain more. 

They are compound albuminous substances in which phosphoric 
acid is a principal constituent, in combination, in certain cases, 
with bases such as guanine, xanthine, etc. Neumeister gives the 
elementary composition of nucl^in obtained from the yolk of egg 
as: — Carbon, 42-11; hydrogen, 6*08; nitrogen, 14*73; oxygen, 
31*05; sulphur, 0*55; phosphorus, 5'19; and iron, 0*29 per cent. 

Nucleins are usually insoluble in water and alcohol, but dissolve 
in dilute alkalies. On treatment with boiling acids or alkalies 
they yield derivatives of the proteid part of the molecule together 
with phosphoric acid, and, in certain cases, nuclein bases and their 
derivatives. 

Fhospho-Gamic Acid. — Siegfried precipitated with ferric chloride 
from muscle extract previously freed from albumin, a compound 
containing phosphorus, to which he gave the name of phospho- 
camic acid, and which he considered was expended during 
muscular activity. It can be salted out with ammonium sulphate, 
and, on dialysis into water, decomposes, yielding phosphoric acid. 

Enzjrmes of Muscle. — The enzymes pepsin, ptyalin, and maltase 
have been identified in muscle. It is also probable that other 
enzymes are present, and the coagulation of the proteids of the 
plasma, and the acidity of the muscle after death, may possibly be 
brought about through the agency of bodies of this nature. 
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Colouring Matter of Ttrmiis.— Hemoglobin. — The principal 
colouring matter of the red muBcles is haemoglobin, which Eiihae * 
was the first to practically demoiiBtrate as being present even m 
muscular tissue washed completely free from blood. As was 
mentioned before, f there is a difierence in colour in the muscles in 
different parts of the same animal, and Eanvier | and others have 
shown that the red colour is a product of the activity of the 
muscles. Thus, muscles which are continually contracting, like 
those of the heart, are of a deep red colour, whilst thcne which 
are in a comparative state of rest are paler. In birds, for instance, 
the breast muscles used in flying are dark red, eicept when, as in 
the case of the comfnon hen, these are but rarely exercised. 
Even in the muscles of the same animal, an increase of colour 
often accompanies an increase of Btren^ith — witness the difference 
ia the colour of the flesh of the calf and cow. According t« 
Raavier the muscle hnmoglobin is not derived from the muscle 
substance, but originates in tbe blood-vessels. 

Cdlowing Maiter of Fith Muscle. — In the muscular tissue of 
many kinds of fish {e.g. salmon and goldtish), there is, in addition 
to htemoglobin, a peculiar rosy red colouring matter, which 
Erukenberg and Wagner § have found, in the case of the salmon, 
to be of the nature of a red lipochrome, and not a proteid substance. 

Myohematin. — This is one of a number of pigments {kisto- 
?uematine) discovered by MacMimn|| in the muscles of many kinds 
of animals, and notably in tbe cardiac muscles of tbe pigeon. 
Though giving characteristic spectra they have never been isolated. 
Myoluematin appears to be capable of formir^ compounds analogous 
to the oxyhismoglobin and metbtemoglobin derived from hemo- 
globin. MaoMunn's theory is that these pigments retain the 
oxygen which the blood brings to the tissue, until it is required 
by the latter. 

Stroma Substance. — This is a simple proteid substance, which 
cannot be extracted from the sarcoplasmic bodies by neutral 
reagents. On treatment with dilute potassium hydroxide solution 
it passes into solution as an albuminate. 

B.— NITEOGBNOUS NOH-PBOTEID CONSTITUENTS. 

Heat EztractiTes. — When muscular fibre is extracted with 
boiling water, a considerable proportion of the proteid substances 
coagulate, and there pass into solution various non-proteid nitro- 
genous substances, together with other organic bodies and inorganic 
salts. The nitrogenous bases, to which Gautier gave the name of 

• rinA. Arch., ISS6, 38, p. 79. t P. 4. X Arch. Phyt., 1874. 

%Zeit. Biol., 188G, a, 87-40. || Phil. Traiu. Jtoy. Soc, 1886, Pt I. 
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leucomaines or physiological alkaloids, are formed normallj in the 
living cell at the expense of the lecithins or of other nitrogenous 
compounds (see page 217). 

Glassification of Leucomaines. — Gautier classifies the leuco- 
maines into five groups : — 

I. Neurinio Leucomaikbs, including choline, neurine, and 

betaine. 
II. Kbbatinic bases, including kreatine, kreatinine, cruso- 
kreatinine, etc. 

III. Xanthio bases, including adenine, xanthine, sarcine, etc. 

IV. Leucomaines of thb Fattt Acid Series, e.g. neuridine, 

cadaverine, gerontine. 
V. Amido-acids. 

I. Neurinio Leucomaines. — As a rule these bases are only found 
in small quantities in animals. They also occur as ptomaines in the 
products of the putrefaction of animal matter (r/. page 218). In 
both cases they appear to be derivatives of lecithins. 

Choline [CgHjgNOg] has been found in small quantity in blood, 
in glands, and in the yolk of egg. 

Neurine [C5H13NOI generally accompanies choline in traces. 

Betaine [CrHigNOg] occurs as a normal constituent in certain 
molluscs, such as the mussel. 

II. Ereatinic Bases. — The general characteristics of these bases 
are that they are usually only slightly soluble in water, and nearly 
insoluble in alcohol. All are precipitated on adding zinc chloride 
to solutions of their hydrochlorides. All give precipitates with 
silver nitrate, and most of them with mercuric chloride. They are 
distinguished from the xanthic bases by containing more hydrogen, 
and by not being precipitated by copper acetate. 

Kreatine [C^H^NjOj (or Methyl-glycocyamine) — 



C(NH)/ 



NH, 



N(CH3).CH2.COOH 

is a feeble base discovered by Chevreul in 1835 in meat broth. It 
crystallizes in colourless needles and in rhombs which melt at 
100' C. It is very soluble in boiling water, less soluble in alcohol, 
and insoluble in ether. 

When an acidified solution of kreatine is boiled it is completely 
converted into its anhydride, kreatinine. 



C(NH)/: 



N(CHj^.CHyCOOH "^^^^\n(CH3).CH,.C0 




When boiled with barium hydroxide it is hydrated, and yields 
urea and si 



C,H,NjO, + H,0=C0(NHj)j + (NH).CHj.CHyC00H. 

Gautier considers that this reaction explains the disappearance 
of the flesh bases from the tissues. 

Ereatine is precipitated by sodium phosphomolybdate, and by 
due chloride in the presence of hydrochloric acid and alcohol. 
Its hydrochloride [C^HgNjOyHCl] cryetalliiies in prisms which 
are non-deliquescent, and but little soluble in alcohol. 

It gives no precipitate with Bouchardat's reagent (I -4- EI), and 
no blue coloration with a mixture of ferric chloride and potassium 
ferricyanide. 

Method of Separation. — Ereatine can be isolated from an aqueous 
extract of meat by boiling, filtering, adding a slight excess of basic 
lead acetate, or of barium hydroxide, filtering, removing the excess 
of lead by hydrogen sulphide, or of barium by carbon dioxide, 
filteriug, concentrating the liquid at a low temperature, and puri- 
fying, by reciystallization, the fine needles which gradually deposit. 

Ereatine has a slightly bitter taste. It is not very poisonous 
when injected into animals, but can be transformed by bacteria 
into the poisonous ptomaine, methyl-guanidine (page 307). It is 
a common constituent of the muscles of most animals, the average 
amount found by C. Volt* being 0-21 to 0-28 per cent. He ob- 
tained the following quantities from the muscular fibre of various 
animals :— Frog. 0-21 to 0-35; fox, 0206 to 0-237; ox, 0-219 to 
0-276; dog, 0-223 to 0-248; rabbit, 0269 to 0336; and man, 
0*S62 to 0'301 per cent. There appears to be less kreatine present 
in cardiac muscles than in the voluntary muscles. 

Ereatini&e [C^HTNgO].— This base is invariably present in small 
quantities in the muscles of the higher animals. In certain fish 
{e.g. conger) Krukenbei^ found as much as 0-3 per cent, lu cer- 
tain dishes, such as pneumonia and typhoid fever, the amount 
obtainable from the urine is largely increased.! 

Ereatinine forms brilliant prismatic crystals which are readily 
soluble in cold water (12 parte) and in alcohol (120 parts). In 
aqueous solution it gradually undergoes hydration, being converted 
into kreatine ; and the same result is obtained by treating it with 
dilute alkalies. 

It is precipitated by sodium phosphomolybdate from acid solu- 
tions, and by picric acid when the solution is not too dilute. Zinc 

• Zca.Biol.,\ZtZ.\i. p. 77. 

f Q. S. Johnwni hu ihowa that the krotinine obtained from urine is not 
identieal with the flMh-kraatlniiM. Proc, Sag. .Soc, xlii. p. 8SG. 
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chloride precipitates it in crystalline needles [(C4H7NgO)2ZnCl2], 
which are nearly insoluble in cold water, and insoluble in alcohol. 
It gives a precipitate with mercuric chloride, but not with 
Bouchardat's reagent (I + KI), or with Selmi's reagent 

(Fe2Cle + K,Fe(CN)e). 

It is converted by oxidizing agents into methyl-guanidine, and 
when heated with barium hydroxide in excess yields methyl- 
hjdautoin. 

WeyVa Reaction for Kreatinine,— On adding to a cold solution 
of kreatinine several drops of a dilute solution of sodium nitro- 
prusside, and then a little dilute sodium hydroxide solution, a red 
coloration is obtained which changes to yellow, and on acidifying 
the liquid with acetic acid and warming becomes green and 
then blue. This reaction is also given by substances allied to 
kreatinine which contain the group [CH2.CO] united to two atoms 
of nitrogen. 

Kreatinine has a greater physiological effect than kreatine. 

Iso-Ereatmine. — J. K Thesen * has isolated this base from the 
muscle of the haddock. It differs from kreatinine in its colour 
(yellow crystals), in its solubility in various solvents, reducing action 
on cupric compounds, and in yielding anmionia instead of methyl- 
guanidine on oxidation with potassiimi permanganate. It appears 
to be converted into kreatinine when allowed to stand in contact 
with milk of lime. 

Xantho-Ereatimne [CgH^jN^O], — This base was discovered by 
Gautierf in 1882 in muscle and in meat extract. It has often 
been mistaken for kreatinine, which it resembles in many respects. 

It crystallizes in yellow spangles, and has a slightly bitter taste, 
and an odour recalling acetamide. It dissolves in hot concentrated 
alcohol, and is fairly soluble in cold water. On heating it gives 
o£f ammonia and methylamine. Its reaction is amphoteric. 

Its hydrochloride crystallizes in feathery masses. The platino- 
chloride is very soluble. Zinc chloride gives a yellowish-white 
precipitate, consisting of groups of needles. Silver nitrate gives 
a gelatinous precipitate, and mercuric chloride a yellowish-white 
precipitate. 

No precipitates are given by potassium mercury iodide, cupric 
acetate, or iodine in potassium iodide. 

Xantho-krcatinine is poisonous when injected in fairly large 
quantity, causing extreme lassitude, defecation, and vomiting. 

). 1-17. 



I extreme lassitude, defecation, 

• Zeit.phys, Chem., 1897, 24, pp. 
t Le4 Toxirut, 1896, p. 286. 
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GroBO-Ereatloiiie [CgHj^NfOl. — Gautier diBcovered this base in 
muscle io association with xantho-kreatinine. 

It cryBtallizes in orange-coloured lamellte, which are slightly 
alkaline and rather bitter. 

The hydrochloride is soluble and non-deliquesceDt. The auro- 
chloride is crystalline and granular, and only dissolves with 
difficulty. The base is precipitated by ordinary alum, but not by 
sine acetate. It is also precipitated by zinc chloride and mercuric 
chloride, and in acid solution gives a yellow precipitate with 
sodium phoephomolybdate. 

It is not precipitated by potassium mercury iodide, by cupric 
acetate, or by iodine in potessium iodide, nor does it give Selmi's 
Prussian-blue reaction. 

Gautier gives the following formula representing its constitution 
compared with that of kreatinine : — 

y NH-CO ,NaC{NH)"-CO 

NH:C< I KH:C< | 

^N(CHb) - CH, \ N(CH,) - CH, 

Kreatinine. Cmso-kreatinine. 

Amphi-Kreatiaiiie [CgH^gN^OJ. — This is less soluble than 
oruBO-kreatinine or xan^okr^tinine, which it usually accom- 

It crystallizes from boiling water in oblique, yellow prisma. It 
has a slightly bitter taste and weak basic properties. When 
heated to 100* C. it decrepitates and becomes white and opaque. 
The hydrochloride is crystalline and non-deliquescent. The auro- 
ohloride is trimorphic and very soluble. 

The base is not precipitated by copper acetate or mercuric 
chloride. 

It resembles kreatinine in its physiological characters. 

Babes [CuHj^N^OJ and [CjsHj.N„05].— The first of these was 
found by Gautier in the motbei-liquid from which the xantho- 
kreatinine had been crystallized, and the second in the mother- 
liquid of cruBO-kreatinine, 

They resemble kreatinine in their properties. 

III. Xanthic Bases. — These bases have both basic and acid 
propertjes. They contain the group [G : NH], and when heated 
with alkalies most of their nitrogen is converted into hydrocyanic 
acid. Afl a rule they are not directly hydrated by dilute acids or 
alkalies with the formation of urea. They are very stable, and 
can, in many cases, be transformed into one another. 

ToA* for XatUhic Bate*. — Most of the zanthic bases, when 
evaporated with strong nitric acid, leave a residue, which, on 
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treatment with an alkali, turns orange, red, rose-colour, or 
brownish-jellow. This distinguishes them from the kreatinic 
bases. 

When mixed with chlorine water containing a trace of nitric 
acid and evaporated to dryness, a residue is obtained, which 
becomes orange-red or blood-red on the addition of ammonium 
hydroxide, and with sodium hydroxide often changes to blue. 

These leucomaines are also known as * nuclein bases,' from the 
fjEu^t that some of them have been found in the nucleins. 

Adenine [C5H5N5]. — This base was discovered in 1885 by 
Kossel, who extracted it from vegetable tissues and from the 
glandular tissues of young animals (o^i/v » gland), where it was 
invariably accompanied by guanine. Although not found in the 
aqueous extract of muscle, it may be suitably described here. 

Mdfiod of Extraction,''' — The finely divided pancreas is extracted 
with water acidulated with sulphuric acid, the sulphuric acid 
removed from the extract by precipitation with barium, and the 
filtrate concentrated to about a tenth of its volume in vaaw at 
60* to 60** C. The liquid is rendered alkaline with ammonia, 
treated with ammoniacal silver nitrate, and the resulting precipi- 
tate washed by decantation and drained on a porous tile. It is 
then dissolved in ammonium hydroxide (sp. gr. Tl) containing a 
little urea. On filtering and cooling, the adenine silver-salt 
crystallizes out, together with some guanine and hypoxanthine. 
The precipitate is washed, decomposed, under pressure, with 
hydrogen sulphide, the liquid filtered and concentrated, and the 
residue treated with anmionia in not too great excess. As the 
ammonia evaporates, adenine and guanine are precipitated, while 
sarcine remains in solution. The precipitate is taken up with 
warm hydrochloric acid, and on standing, guanine hydrochloride 
crystallizes out first. On concentrating the filtrate, the adenine 
hydrochloride is gradually deposited. 

Adenine can also be separated from sarcine by converting both 
into nitrates and concentrating the solutions, when sarcine is 
deposited as the free base while adenine nitrate (which is not 
decomposed by evaporation) remains in solution. 

Adenine crystallizes in transparent hexagons, which are soluble 
in 1086 parts of water, and more soluble in alcohol and glacial 
acetic acid. When heated with potassium hydroxide, it gives 
hydrocyanic acid. When evaporated with nitric acid it does 
not give an orange coloration on adding sodium hydroxide to the 
residue. The hydrochloride is crystalline and dissolves in 42 parts 
of water. The mercuroKshloride [(C5H5N5)2.HgCl2] is a fine grey 
powder which is insoluble in hot dilute hydrochloric acid. The 

* Gantier, Les TozineSf p. 260. 
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nitrate [(CiHsN(.HNOj)j+HjO] crystallizes in needles. The 

E iterate can be orystalliKed from boiling water. The platiao-chloride 
(CsHjNjHa)j.PtClJ crystalUBeB in small yellow needles. 

Adenine gives no precipitate with potassium ferro- or ferri- 
C^uide. With copper sulphate it yields an amorphous grey pre- 
cipitate, which dissolves in dilute acids and alkalies, and with ferric 
chloride produces a red coloration, which does not disappear on 
heating the solution. When adenine sulphate is heated on the 
water bath with sodium nitrite it is transformed into saroine. 
Gautier gives the followii^ constitutional formula for this base : — 



<NH— C.NH. 
C ^C 

N— C.NH ^ 



According to Guareschi it passes through the body into the urine 
unchanged. 

Adfliio-S&rcine [C4HjNj.CbH,N^0]. — This compound is obtained 
aa a starch-like mass when hot solutions of adenine and sarcine 
are mliod in molecular proportions and allowed to cool, and can 
be crystallized iu needles from an ammoniacal solution. The com- 
pound hydrochloride is more soluble than the hydrochloride of 
either of the canstituents. 

Ooanine [CjHjNjO]. — This base was discovered by Unger in 
1841 in guauo, whence it derives its name. It usually occurs only 
in vetT small quantity in muscular tissue and in various glands. 
Koesel extracted 0-005 per cent, from beef and still less from dt^' 
flesh. In the muscle of embryos, however, and iu the flesh of 
certain lower animals, such as the cuttlefish, it has been found iu 
larger proportion. 

It is a white amorphous powder, sparingly soluble in water, and 
readily soluble in acids, but insoluble in alcohol and ammonium 
hydroxide. 

The hydrochloride [C^HjNsO.Ha + HjO] crystallizes in fine 
needles, which lose their water of crystallization at 100° C. and 
their hydrochloric acid at 200° C. The platinOKihloride forms 
orange crystals, which are sparingly soluble in water. The 
sulphate forms long yellow needles, which are decomposed by 
water. Mercuric chloride forms an insoluble precipitate with it 
[(CjHjNBO.HCl)j.HgClj-HHjO], and potassium fcrrocyanide pro- 
cipitatea it in crystalline needles. 

Nitrous acid converts it into xanthine 

CsHjNjO -)- HNOj = N, -^ H,0 + CjH^K.Oy 
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When guanine is evaporated with nitric acid, then mixed with a 
little potassium hydroxide and evaporated to dryness, it gives the 
indigo coloration which xanthine gives under the same conditions. 

Guanine is not poisonous. In its passage through the system 
it is partly decomposed, with the formation of urea and uric acid. 

Psendo-Xanthine [C4H.N5O].— Gautier discovered this base iu 
muscle in association with kreatinine, sarcine, xantho-kreatinine, 
and cruso-kreatinine. 

Method of Separation. — It is isolated from meat extract by pre- 
cipitating part of the bases with 95 per cent, alcohol, evaporating 
the alcoholic filtrate, and taking up the residue with strong alcohoL 
From this solution various leucomaines are precipitated by ether. 
The mother-liquid of these, when boiled with copper acetate, gives 
a precipitate, which is decomposed with hydrogen sulphide. The 
liquid is filt^ed boiling, and the crystals, which are deposited on 
cooling, are dissolved in hydrochloric acid,* a crystalline hydro- 
chloride of the same form as that of sarcine being produced. 

The free base resembles xanthine in its physical and chemical 
properties. 

It is soluble in alkaline liquids. On evaporating it with nitric 
acid, and taking up the residue in water, an orange coloration is 
obtained. 

Silver nitrate precipitates it as a gelatinous salt, but no pre- 
cipitate is obtained with lead acetate. Its mercuro-chloride is 
ve^ soluble in hydrochloric acid. 

Sarcine or Hypozantbine [C^H^N^O].— This was first discovered 
by Scherer in the spleen, and afterwards by Strecker in muscle. 
The amount usually present in voluntary muscle varies from 0*07 
to 0*12 per cent. It accompanies adenine and guanine in the 
tissues of many glands, and has l>oen found iu the blood of certain 
fish. Gautier sug^^ests that in the organism it may be derived 
in part from guanine, which gives, on oxidation, sarcine, xanthine, 
and uric acid. 

Metlwd of Separation. — It can be isolated from meat extract 
in the following manner: — After the nitrates of adenine and 
hypoxanthine have been obtained (r/. page 12) their solution is 
nearly neutralized, and a slight excess of picric acid added. 
Adenine picrate separates as a ticMX^tilont yellow precipitate, while 
hypoxanthine picrate remains in solution. 

On adding silver nitrate to the boiling filtrate, the compound 
CgHjAgN^O.C^HJNO^)^ is obtained. This is decom|XKed with 
hydrochloric acio, and the picric acid extractoil with ether. The 
hydrochloride of hypoxanthine is lefl in solution, and on the 
addition of sodium carbonate, the base is precipitated. 

* Ja$ runnftf, p. 290. 
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Sarcine is a white ciTBtalliDe powder, more soluble tlian Kanthtne 
in boiling water, in whicfa it forms a neutral solution. It dissolves 
in alkalies, and sublimes at 1C0° C. without decomposing. 

Ita hydrochloride (CjH^NjO.HCl + HjO) crystallizes in bright 
prisms. Its mercurtMihloride forms a flocculent precipitate which 
aisaolves in acids. 

It is precipitated from acid solutions as a pbosphomolybdate, 
but is not precipitated by picrotes. 

When oxidized with nitric acid it does not yield xanthine 
(Gautier), though the latter base is produced with permanganate 
as the oxidizing agent. Pure sarcine does not rare the murexide 
test. It has a marked phyuological action. When 60 to 100 
milligrammes were injected into a frog, tetanic convulsions were 
produced after six to twenty hours. In a chicketi it increased the 
secretion of uric acid (Gautier). 

Xanthine [C^H^N^O,]. — This base, which almost always accom- 
panies sarcine and adenine, especially in glandular tissue, was 
discovered by Marcot in a urinary calculus in 1823. The quantity 
present in muscular fibre varies considerably. In the flesh of 
pigeons and hens, Eossel found from OOl to 0*1 per cent. 

Method of S^aration. — Gautier gives the following method 
of separatii^ it from an extract of the flesh. The extract is 
dissolved in as little hot water as possible, and precipitated with 
an excess of 95 per cent, alcohol. The residue is dissolved in 
water and treated with lead acetate (not in excess). The liquid 
is filtered hot, freed from lead, and concentrated by evaporation. 
Kreatinine crystallizes out first and is filtered off. On adding 
anunoniacal lead subacetate (not in excess) to the mother liquid, 
xanthine is precipitated, while hypoxaothine remaios in solution. 
The lead compound is decomposed with hydrogen sulphide, and 
the boiling liquid filtered. Mercuric acetate is added to the fil- 
trate and the liquid boiled. The precipitate is decomposed with 
hydrogen sulphide, and the liquid again filtered while hot. On 
evaporating the filtrate, the xanthine separates out as a yellowish 
crust. 

It can be obtained synthetically by heating hydrocyanic acid 
with water and a slight excess of acetic acid at 145° C. 

1 IHCN + 4H,0 -= CjHjNjO + CgH^N^O, -1- 3NHj. 

Xanthine is soluble in 14,000 parts of cold and 1160 parts of 
boiling water. It is insoluble in alcohol and ether. It is de- 
composed at 156° C. with the formation of ammonium cyanide, 
carbon dioxide, formic acid, and glycocoU. Under the influence 
of nascent hydrogen it is converted into sarcine. 

Its hydrochloride [OjB^N^Oj.UCl] crysUdlizee in needles and 
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hexagonal plates. The platmo - chloride fonns soluble yellow 
prisms. 

T?ie Murexide Test. — On treating xanthine with a little nitric 
acid and evaporating the liquid to dryness, a yellow residue is 
obtained, which, on the addition of potassiiun hydroxide, becomes 
red, and changes to yiolet-blue on heating. 

When xantJ^ine is treated with a mixture of a solution of an 
alkaline hypochlorite and sodiimi hydroxide, an olive to dark 
green colour is produced, which subsequently changes to brown 
and disappears. This test distinguishes xanthine from sarcine. 

Physiologically xanthine resembles sarcine. When injected into 
a frog it causes muscular contractions and paralysis of the spinal 
chord. 

Heteroianthine [CgH^N^OJ (or Methyl-xanthine).— This base 
is foimd in small quantity in dogs' urine, and possibly occurs in 
the flesh. It can be separated from paraxanthine by means of 
ammonia water, in which it is readily soluble. 

Paraxanthine [CyHgN^Oj] (or Di-methyl-xanthine) was found 
by Salmon in 1883 in normal hiunan iirine. It is isomeric with 
theobromine. 

Gamine [C^HgN^Oa].— This base wasdiscovered ml 871 by Weidel 
in American meat extract, but was not found in the muscular 
tissue itself. It has since been found in normal urine by Pouchet, 
and in the muscular tissue of fish by Krukenbcrg and Wagner. 

Method of Separation. — It can be isolated by the following 
method : — The extract of meat is dissolved in water, treated with 
barium hydroxide (not in excess), and filtered. The filtrate is 
precipitated with lead subacetate, and the precipitate taken up 
with boiling water, which dissolves the combination of camine 
and lead oxide. The lead is removed from the filtrate, the liquid 
filtered boiling, and silver nitrate added to it after concentration 
and cooling. The silver camine compound is digested with an 
excess of ammonia, which dissolves the silver chloride simultane- 
ously precipitated. The silver is removed from the residue with 
hydrogen sulphide, the filtrate evaporated and decolorized with 
animal charcoal, and the camine obtained by crystallization. 

Camine is a white crystalline base with a neutral reaction and 
bitter taste. It is hardly soluble in cold water, and is insoluble 
in alcohol and ether, but is easily soluble in hot water. On 
treatment with bromine water or nitric acid it is converted into 
hypoxanthine. 

C^HgN^Oj + 2Br = C^H^N^O.HBr + CHjBr + COj^. 

It is distinguished from xanthine, hypoxanthine, and guanine 
in yielding with basic lead acetate a precipitate which ^ssolves 
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oompletel; in boiling water. With copper acetate it ^ves a 
bluish-green precipitate, and with mercuric obloride a white one. 
It is not precipitated by picric acid. 

Coinine hydrochloride CTystallizeH in needles, while the platino 
chloride forms a yellow powder. 

According to Neumeister it has no characteristic colour reactions 
when quite free from xanthine. 

Physiologically it has not a pronounced injurioua effect on the 
system. It appears to resemble caffeine as a muscular stimulant, 
and to affect the heart if taken in too great eicess. 

IV. Iiencomaines of the Fatt? Add Series. — These are also 
found among the products elaborated by various bacteria. 

Xrimethyumine.— This occurs normally in many tissues and 
secretions (</'. p. 218). It appears to be derived from the 
lecithins. 

KeuridinA. — This base has been found in the human brain and 
in the yolk of egg, together with neurine and choline i^f. p. 305). 

Cadaveriae. — Has been found in fresh pancreas. 

Gerontine [C^Hj^N'J. — This baae, which is isomeric with the 
two preceding, was extracted by Grandis from the liver of 
a dog. 

It ctyataUiEOB in needles which are soluble in water and in 
alcohol. 

Its hydrochloride forms small deliquescent crystals, which are 
soluble in alcohol. The platioo-chloride crystallizes in large 
needles, very soluble in water. 

Physiologically it has a paralyzing effect on the nerve centres, 
but does not affect the muscles. 

V. AmldoAdds. — Q^cocollor AImdo-acet!cAcid[CHyNH2- 
C00H]. — This occurs in large quantity in the edible mussel and 
in the flesh of several mammalia. It is oue of the decomposition 
products of coUagene (pp. 23 and 151). It dissolves readily in 
water, but is insoluble in alcohol and ether. By adding freshly 
precipitated copper hydroxide to a hot concentrated solution of 
glycocoll, blue crystals of copper glycocoll are deposited on cooling. 

Sarcodne or Methyl -glycocofl [CH,(NH - CH,) - COOH], 
although it does not appear to occur in the animal system, may 
be mentioned here as a derivative of kreatinine, which is con- 
verted by hydration into sarcoune and urea. 

Leociiifl or Amido-capioic Acid 

[CgH^O J or r^l^CH - CHj - CH - NH, - COOH]. 

This is a proteid derivative, which occurs in the thyroid and other 
glands, in the pancreas, and in the blood of certain animals. It 
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crystallizes in brilliant plates which dissolve readily in water, and 
are fairly soluble in hot alcohol. It is optically active, rotating the 
beam of polarized light to the right, but by the action of certain 
mould-fungi it is converted into a leevo-rotatory modification. 

The leucines formed in the pancreatic digestion of various pro- 
teids were found by K. Cohn * to consist of several individuals. 

Butalanine or Amido-valeric Acid is another proteid derivative 
found among the products of pancreatic digestion and in the 
pancreas itself. 

Tyrosine [CgHi^NOg] or Para-hydozyphenyl-a-amido-pro- 
pionic Add 

This substance accompanies leucine and other amide bodies in the 
liver, pancreas, etc., and is formed in the decomposition of proteid 
substances, especially in the digestion. It crystallizes in glistening 
needles, melting at 295° C. It is fairly soluble in hot water, but 
insoluble in alcohol and ether. 

It has feeble basic and acid properties. 

Its hydrochloride is crystalline, very acid, and is dissociated by 
water. 

The platino-chloride is deliquescent. 

Tyrosine gives a red coloration or precipitate when boiled with 
Millon's reagent (p. 161). 

Taurine or Amido-etnyl-sulphonic Add 

is an amido-acid with feeble basic properties. It has been found 
in minute quantities in the muscles of various kinds of animals, as 
for instance in those of the horse and of molluscs. It crystallizes 
in large brilliant prisms which are slightly soluble in cold water 
but insoluble in alcohol and ether. 

Ledthins.— There appear to be several kinds of lecithins 
yielding different proportions of fatty acids on decomposition. 
In 1846 a complex substance was extracted by Gobley from the 
yoke of egg, and similar substances have since been found in the 
biain, in fish-roe, in blood, and in many animal tissues. 

Method of 5epani/«w.— Qautier t gives the following method of 

isolating lecithin. The yolk of the egg is extracted with ether, the 

extract evaporated, the residue taken up with petroleum spirit, 

and the liquid filtered. The filtrate is shaken several times with 

• ZeiL phys. Chan., 1896, 20, p. 203. i La Toxines, p. 27«. 
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76 per cent alcohol, the petroleum spirit expelled, and the Bolutiou 
left for several days. Choleaterin and a little lecithin eepsrate. 
The clear liquid is decanted, decolorized with charcoal, and evapo- 
rated in vaoM at 50° G. to a sjnip. The residue is taken up with 
ether, which on evaporation leaves nearly pure lecithin, and the 
latter is purified by crystallizatioQ from as Bmall a quantity as 
possible of absolute alcohol at 5* C. It rapidly undergoes altera- 
tion, especially on heating. When treated with alkalies or acids 
it is decomposed with the formation of glycero-phosphoric acid, 
Bteario and oleic acids, choline and other bases. 

According to Strecker, its formula is G^Hg^NPO, or 



< 



0C,H,.N(CH,),.OH 
OH 



Inosinic Add. — According to Haiser,* the formula of this sub- 
stance is CjoHjgN^POg. The free acid is decomposed by boiling 
water into nypoxanthine, trioiyvaleric acid, and phosphoric acid. 
It is an amorphous sulwtaiice, though it forms crystalline salte 
with alkalies. It was first found by Liebig in beef, and baa since 
been found in varying quantity iu the muscle of rabbits, cats, 
birds, and fish. The greatest amount recorded (0'21 per cent.) 
was found by Creite in the muscle of the turkey, f 

C— HON-NITSOOENOTTS OROAHIC CONSTITirENTS. 

Beaction of Hufldfl. — The reaction of living muscle is neutral 
or slightly alkaline. But after death, and boou after rigor mortis 
has set in, it becomes decidedly acid, until, with the commencement 
of decomposition, it again becomes gradually alkaline from the 
fonnation of ammonia and substituted ammonias. By plunging 
the living muscle into boiling water or alcohol the production of 
free acid is to a large eitent prevented. A high temperature 
accelerates the process, whilst cold retards or prevents it. The 
presence of oxygen appears to be non-essential, for the acidity 
occurs as rapidly in vacuo, or when the muscle is kept under oil 
or mercury, as in the open air. It is possibly due to the action of 
an enzyme. On the reaction of the muscular tissue Eber has 
bued a test of the fitness of flesh for human food,| 

» p. 76. 
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Free Acids of Dead Muscle. — The chief acid causing the acid 
reaction is a characteristic ethylidene lactic acid 

(CH3 - CH.OH - COOH), 

which differs from the isomeric fermentation product in being 
optically active ( + ). Another lactic acid is also present, which 
is probably identical with the fermentation acid. The total quan- 
tity of lactic acid varies from O'l to 1 per cent. 

This lactic acid was formerly regarded as being derived from 
glycogen, but Neumeister * cites various authorities against this 
view. Salkowski f holds that the lactic acid is a waste product of 
the activity of the living muscle, being carried away by the blood, 
and that death puts a stop to the process of its formation. He 
regards its production as a function of living protoplasm, and not 
as the action of an enzyme. 

Glycogen (CgH^^Og). — ^This is a reserve material invariably 
present in muscular fibre. By the activity of the protoplasm, or 
of an enzyme, it is constantly being converted into glucose, which, 
by decomposition and oxidation, serves as a source of strength. X 
This conversion does not immediately cease on the death of the 
muscle. According to Nasse's experiments § the quantity of 
glycogen in the resting muscles of a frog is on the average 0*43 
per cent. In rabbits it amounts to from 0*47 to 0*95 per cent, 
(r/. p. 134). 

Fat. — Neumeister || regards this as a further reserve material. 
It is present in the connective tissue, between the fibres and in the 
sarcoplasma. 

Glucose. — This is produced by the action of the protoplasm on 
the glycogen, which passes through the successive stages of ery- 
throdextrin, achroodextrin, maltose, and glucose. If muscular tissue 
be instantly placed in hot water after being taken from an animal 
the activity of the protoplasm (or enzyme) is arrested, and only a 
trace of glucose will be detected. 

Inosite (CgHjgO^ + 2H2O) is a non-fermentable isomer of glucose 
first discovered by Scherer in cardiac muscular tissue.lF Small 
quantities are usually present in both striated and smooth muscles. 
It is optically inactive, and does not reduce metallic oxides or 
Fehling's solution, though it changes the colour of the latter to 
green. According to Jacobsen, horse flesh contains about 0*003 
per cent, of inosite. 

Scherer^s Test for Inosite, — On adding strong nitric acid to a 

• Loc eU.t pp. 412-16. 

t 2ea./, klin, Med,, 1890, 17, Suppl. 21. 

t Neumeister, loc. cit., p. 424. § PflUg. Arch., pp. 97-121. 

II Loe, cit,f p. 425. IT Ann. Chim, Fharm., 1850, p. 322. 
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solution of pure inoeite, evaporating to dryneaa on the water bath, 
moistening the reudue with ammonia and calcium chloride solu- 
tion, and again evaporating to dryness, a rose-red coloration is 
obtained. 

Scyllito, — This substance, which is closely allied to inosite in 
chemical composition, ia found in the muscles of certain fish. 

CHEMICAL COMPOSITION OF MUSCLE: II. IN- 
ORGANIC CONSTITUENTS. 

lOlieral Hatter. — The muscular tissue of the higher animals 
contains from 1 to 1*6 per cent, of mineral matter, chiefly potassium 
phosphate. The ash left on incineration also contains sodium, 
magnesium, iron, calcium, chlorine, and traces of sulphates| prob- 
ably derived from the decomposition of proteid matter on 
ignition. 

The subjoined table of analyses by Katz * gives the proportion 
of mineral constituents in the flesh of different animals : — 



MINERAL CONSTITUENTS OF FLESH. 
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Water. — The musclea of young animals always contain more 
than those of older animals, whilst those of embryos contain most 
of alL In the earliest stages it amounte to not less than 994 per 
cent, which gradually falls to 61'2 per cent.t 

The flesh of birds contains somewhat less water, and that of 

* AtA. gti. Fhyriol, 18BS, 8, p. 14. t Noumeitter, hx. eU., p. 441. 
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cold-blooded animals rather more than the flesh of mammalia. 
Neumeister gives the following figures : — 



Mammalia. 
Water, . 76-5 

Solid Matter, 23*5 



Birds. Gold-blooded Animals. 
73-0 78-8 

270 21-2 



Of muscles in different parts of the body the cardiac muscles 
appear to contain the most water. 

Gases in Mvscle, — The chief of these is carbon dioxide, the 
amount of which appears to be quite independent of the presence 
of ox jgen, as much being given off in vacuo as in the air. Traces 
of nitrogen are also present. 



Summary op the Composition op Muscular Fsbre. 

The following table is based upon those given by Konig,* 
Hofmann,t and Neumeister.^ 



Water, . 
Solid matter, 
Organic matter, . 
Inorganic matter, . 

Alkaline albuminate, 
Proteids insoluble in 

neutral liquids, 
CoUagene, 
Fat, . 
Glycogen, 
Lactic acid, 
Inosite, 
Kreatine, 
Xanthine, 
Hypoxantbine 



74 -7-78 -3 
21 -7-25 -5 

20 -8-24 -5 
0*9- 10 

2-85-3 01 

14-5 -16-7 
20 - 60 
0-6 - 3-7 
0-8 - 10 
0*04- 10 
0*003 
0-2 - 0-28 
001- 0-10 
004- 012 



Per Cent. 
Birda. 

71 -7-77 -8 

22-7-28 -8 

21 -7-26 -3 

10- 20 



Guanine, . « 
Taurine (horse), . 
Inoslnic acid. 
Phosphoric acid, . 
Chlorine, . 
Potassium oxide, 
Sodium oxide. 
Calcium oxide, . 
Magnesium oxide, 
Ferric oxide, 



Cold-Blooded 
Animals, 

80-0 
20-0 

180-19-0 
10- 2-0 



0-005 
07 

0-34 -0-50 
067 

0-40 -0-50 
0-02 -0 08 
0-008-0-018 
002 -015 
0-008-001 



* Nahr, u. OenussmiU,^ ii. p. 93. 
+ Lehrbuch der Zoochemitf p. 104. 
X Phys. Chem,, p. 448. 



CHAPTER II. 

STSUOTUBE AND OOHFOSIIION OF OOHNEOTIVJ! 
TISSTTB AND BLOOD. 

CONNECTIVE TISStJK 

Uksbb this name hiatologiste classify a number of Bubatancea, 
which at first sight aiqiear to tiave but little resemblance to one 
another. These are : — 

Connective tissue [Ht>per, sub-divided into white tissue, and 
yellow or elastic tissue. 

Ampose tissue. 

Cartilage. 

Osseous tissue, or bone. 

OONlTBCinrE TISSUE PBOP£R. 

In one or other of its forms connective tissue is present in almost 
all parts of the body, ite function being to connect or hold together 
adjacent organs or |»u-te of organs. In certain parte it is soft and 
tender ; in others, such as the tendons and ligaments, it is bard, 
tough, and of great strength. It is composed of numerous fine 
fibres, some of which lie parallel, while others cross one another. 
The fibres composing the yellow or elastic tissue are fewer in 
number ttian the white fibres, from which thoy also differ in 
colour and in their behaviour on treatment with acetic acid, and 
on boiling with water. The cells of connective tissue primarily 
contain granular protoplasm, in which a nucleus may be observed. 

White Fibres. — These consist of an albuminoid substance, 
eotlagene (koXAo, glue), which when boiled with water yields 
gelatin. The latter substance is obtEuned in quantity by boiling 
tendons (which are chiefly composed of white fibres) with water, 
preferably under pressure {c/. p. 164). 

ElMtio Fibres. — These, unlike the white fibres, do not swell up 
and become transparent on treating the connective tissue with 
acetic acid, and hence their presence in tissue can be readily 
demonstrated by means of that reagent After prolonged boiling 
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with water, the nhit« fibres caD be completely dissolved out from 
the connective tissue in the form of glue or gelatin, leaving behind 
the elastic fibres, which are composed of an albuminoid substance 
named eiaslin (cf. p. 154), 

iWacMi.— All connective tissue proper contains a small pro- 
portion of this proteid substance, which con be isolated bj 
macerating the tissue for several days in lime water, and precipi- 
tatiug the proteid by the addition of a dilute acid from the 
alkaline solution thus obtained. 

It occurs in larger proportion in embryonic connective tissue, 
and is a. constituent of the mucus with which epitheUal cells are 
covered. It is not digested by an acid Eolutiou of pepsin, but 
dissolves in alkaline trypsin. 

According to Fischer and Erause * the specific gravity of con- 
nective tissue varies from 1'11S9 to 1'1065, the mean being 

ADIPOSE TISSUE. 

Distribntion of Fat in the Body. — Fat is found in the animal 

body cither in a state of solution or suspension in the various 




Fio. 8.— Fkt eells, some ab. 
ing nacloni. The centrU oas 
■hows 'msreiiriD' etTtiab. 



fluids, or deposited in cells. In the latter ease the cells are often 
those of the connective tissue, in which the protoplasmic contents 
have been gradually displaced by the fat, leaving tlio original oell- 
walls in their former state. The condition of the (at cells under- 
• Filck, Dai FUitch, p. 852. 
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goes fluctuations according to the state of nutrition and habits of 
the animal. For instance, it is well known that wild animals 
possess, as a rule, much less t&t than do animals of the same 
species in captivity. The fat cells usually occur in groups, sup- 
ported by the fibrous substance of the connective tissue. 

Fischer and Krause give the following figures for the specific 
gravity of adipose tissue: — Maximum, 0'925<lj meim, 0'9232; 
minimum, 0*9243. 

GcnnpOBitlon (UT Anfmal Fat. — The subject of fats and oils, even 
when confined to those found in the animal kingdom, is far too 
wide to be treated of at length in the present work, and for a 
fuller description the reader must consult one of the numerous 
manuals deeding specially with their composition and analysis. 

Animal fats (excluding milk fat and waxes, such as beeswax and 
sperm oil) consist almost entirely of compounds of glycerin with 
higher fatty acids (chiefly palmitic and stearic) of the acetic 
series (C.H„0,), and of compounds with unsaturated acids of 
different series (chiefly oleic acid), together with traces of lower 
volatile acids. Judging by the lai^ proportion of iodine absorbed 
by the more liquid portion of the fatty acids of niany animal fats, 
glycerides of acids more unsaturated than oleic acid must be fre- 
quent constituents. Eurbatoff* clums to have isolated linolio 
acid from the fat of the seal and Caspian hare, and Famsteiner 
has found it in lard, ox taJlow, and horse fat (cf, page 101). 

Recently Amthor and Zink t have found that the fats of certain 
wild animals and birds, noticeably those of the wild boar, liare, 
wild rabbit, and blackcock, have remarkable drying properties 
and Tery high iodine values, from which facts the presence of a 
stiU more unsaturated acid, possibly in the same series (C^H^.^O,) 
as the linolenic acid of linseed oil, may be inferred. This h^ 
received confirmation from the work of Famsteiner (page 101), 
who has found traces of linolenic acid in lard and tallow. 

Amthor and Zink also obtained with several of the lesser known 
animal fats in a fresh condition (e.g. fox, cat, etc.) a high acetyl 
value, and it is thus not improbable that bydroxylated fatty acids, 
like the ricinoleio acid of castor oil, may occasionally be normal 
constituents. I 

So far as is known the glycerin in animal fats is always in com- 
bination with the fatty acids in the form of triglycerides, and 

.0.S 
althoi^h diglycerides of the type C,H,^.O.fi are said to have 
\0.H 

" BeriAte, ZS.jp. BOfl. 

+ Ztil. aiuO. a&em., 87, pp. 1-17. Analyat. ISB7, 22, p. 7B. 

X Of. not*, p. 68. 
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been found in old vegetable oils, they do not appear to have 
been normal constituents. It is not known with certainty 
wliether the three acid radicles in a triglyceride invariably belong 
to the same fattv acid, so that the glyceridea are of the type 

CjHj^O.ff, in which R represents the radicle of any ono acid, 

aay Bt«ario acid, or whether, in Bome cases, two of the radicles 
belong to one acid and the third to another; or whether all 
three radicles belong to different acids, say oleic, palmitic, and 

0.i?i 
Bteario acids, fomung glycerides of the type C~H.^O./I,. There 

is evidence,* however, which tends to prove that tri-acid glycerides 
eiiat in butter fat, so that it is not improbable that simifar com- 
pjunds may occur in body fate. As confirmatory evidence it may 
be mentioned that Hehuer and Mitchell have separated bromine 
compounds from linseed oil and marine animal oils, which have 
the characteristics of bromides of miied glycerides. 

As to the relative proportion of solid and licjuid fatty acids, 
considerable variations are found not only in the fat of animals 
of different species, but also in the fat of different individuals 
of the same species, and even in the fat from different parts of the 
body of the same animal. In like manner, the amount of stearic 
and palmitic acid in the solid portion of the fat, and of the oleio 
and linolic acid in the liquid portion shows enormous varia- 
tions.t Stearic acid, for instance, may vary from to about 
25 per cent, in the fat from different parts of the same sheep,} 
and it is a well-recognized fact that the fat of American pigs 
contains considerably more of a liiguid &tty acid with a greater 
degree of unsaturation than oleic acid than does the fat of 
European pigs.g 

The com[Kisition of fish oils (cod-liver, etc.) and of marine ani- 
mal oils (whale, etc.) is still more complex than that of land 
animals, and much of the work that has been done on the subject 
is either unoonfinned or has been disproved. Speakbg geuer^y, 
fish oils appear, for the most part, to consist of glycerides of various 
unsaturated fatty acids, together with smaller quantities of the 
glyceridea of saturated acids (palmitic, etc,), some of which are 
deposited when the oil is cooled below the ordinary temperature. 
Many of the unsaturated acids are apparently of a diCferent 
character to those found in the fat of land animals. Cod-liver 

• Analysl., 1898, p. 317. t (?: p- S4. Z Analyii. 1898, 21, p. 327. 

Jvon lUumer, Ztil. angtie. Chtm., 18B7, pp. 210-216 iinJ 247-254. 
Twitchell, AnalyH, 189S, xx, p. 189. 
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oil, for inetance, appears to couttun a fatty acid of the series 
C_Ht,.,Ot, which is not identical with linoleoio acid, for Hehner 
and Mitchell have prepared from that oil an insoluble bexa- 
bromide with the same composition as that of the analogous 
oompouEid to be obtained from linseed oil, but with very different 
physical properties.* 

Fahrion,! too, ol^ms to have discovered an unsaturated fatty 
acid (jecorio acid) with the formula C^HmO,, and another un- 
saturated acid with the composition Ci^H^Oj (asellio acid) in cer- 
tain fish oils. 



THE PRINCIPAL ACIDS AND GLYOERIDES OF ANIMAL 
BODY FAT4 
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■ Analyil, ISS8, p. 817. t Jour. Soe. Chem. Ind., 1868, pp. OSS ftnd 988. 

fHiU table dow not iaclnde the f&tty acida prMeot in tne milk fit »[ 
diffarmt uiimal* (batjria mcid, tte. }, lines the aabjaet ol milk doos not come 
wltbin the nop* of tb« pNtent book, 

I Hohnw and Hitobell, Anatytt, 18Ba, p. 813. 
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Mnnj of the fish oik contain considerable proportions of tm- 
Bsponifiable matter, noticeably eholeeterin, an alcohol which also 
o<;ciira, though to a leaser extent, in the fat of land animals. 

Sperm oil and bottle-nose oil differ from marine oils properly 
60 called in conttuning hardly any glyeeridea, and are, in fact, 

As an examination of the characteristics of tho fat attached to 
or contained in the muscular tissue may often be of use in idea- 
tifying the kind of flesh, the formulse and some of the physical 
constant* of the chief fatty acids and triglycerides which have 
been found or which are likely to be met with in the body fat 
of some of the terrestrial animals more commonly used as food 
are given in the accompanying table (see p. 2T). 

The physical and chemical constants of the fat of voriouB 
individual animals are ^ven on pages 47-66) and methods for 
determining these constants in Chapter V. 

CASTUAGE. 

Stmcture, — Cartikginous tiasue consists essentially of a ground- 
work or matrix snrroimding certain cells which contain protoplasm 
in which one or two nuclei can be observed. From the different 
chariicteriatics assumed by the matrij, cartilage haa been classified 
into the following groups : — 

Hyaline, in which the matrix is a semi-transparent, homogene- 
ous substance^ often resembling ground glass, and occasionally of 
a fibrinous nature. 

Cellular, in which the matrix is transparent, and the envelope 
or eapmle surrounding the cells is thin. 

White-fihre Cartilage, in which the matrii is composed of a large 
nninhet of fibres which are apparently of the same nature as those 
of connective tissue proper. 

Elaitlic OF fpongy, in which tho matrix is made up of a network 
of elastic fibrea. 

Composition. — The cartilage taken from different parts of the 
Ixidy varies considerably in composition, as is shown by the results 
of the analyBiB made by Hoppe-Seyler.* 

OrRtnic MiiiersI 
W«trr. IjMter. MalW. 

Costal Cartilage, . . . 67 67 3013 220 

Articular „ from knee joint, 73-59 24-87 1-54 

The mineral matter of cartilage consists principally o! sodium and 
potASsium sulphates, with smaller quantities of sodium chloride and 
of the phosphates of sodium, calcium, and magnesium. 
• Quoted liy a»iDS«, We*- Cheia., p. 288, 
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Choadrin. — The matrix of cartilaginous tiraue, when subjected 
to loDg-oontinued treatment with boiling water, yields a glue-like 
BubetAQce formerl; known as chondrin, but which has been shown 
to be & mixture of gelatin and soluble alkali salts of ehondroitin 
tidphuric acid. According to Mdmer,* this proteid, which belongs 
to the class of glyooproteids, ia present in all the varieties of 
cartilage. 

SolviU Proteida. — Besides soluble ehondroitin compounds, there 
are various soluble proteid subetances (fi.g. globulins) always pre- 
sent in cartilage. 

masUn. — This albuminoid is contained in the residue left when 
part of the cartilage is converted into the so-called chondrin by 
long-ooutiDued boiling with water. 

' AUmmoid.' — This ia the name given by MSmer t to a charac- 
taristio proteid which appears to be an invariable constituent of all 
adult mammalian cartilage. It is quite insoluble in neutral liquids, 
and ia closely allied to the albuminoids elaslin and keratin, from 
which, however, it differs in composition and in being soluble in 
gastric juice. 

OSSEOUS TISSUE, OR BONE. 

Strnctnre. — On the exterior of all bones is a fibrous membrane, 
the paioateum, and between the joints of connected bones a layer 
of cartilaginous tissue. Inside the bone there is often a channel, 
the medvilary cavity, the ends of which become broken up by 
partitions of the bony substance into a large number of very 
small cavities, the eancdli. In some bones, however, such as the 
ribs, the medullary cavity is absent, and the cancelli take its 
place throughout the length of the bone; and in some of the 
■mailer bones there is not even the cancellated structure. 

In the medullary cavity lies the medulla, or manow, a mass of 
connective tissue containing an abundance of fat cells. Minute 
channels, containing blood-vessels, and known as the Haversian 
eanale, aro found in the walls of the medullary cavity, and the 
bony substance around these has a peculiar concentric formation, 
consisting of what are known as lameUx. These contain small 
openings, Iocuwe, which are connected with other minute canals, 
called the canediadi. 

Huxley % concisely sums up the general struoture of long bones 
with oartilaginous ends in the fallowing words: — "The bone may 
be regarded as composed of, O, an internal, thick cylinder of vas- 
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eahr medollft ; A, sa eitenial, bicdlDw, tlun, cTlindrical eheatli of 
vsBColKr penoBteom, completed at each end by a pUt« of articular 
anHmge; ^ of a fine, ngnluv long-meshed, raGCuIar networlE, 




Flo. P.— Truutnna KCtioD of shaFt of humao ftTaui. B, Htvenian euikls ; 
r. Itciuwi with bone-forpascles ; a, licniue with rMarrent ciDUicoli ; j, 
uktanBtdikta Lunell* i i, couBiuat lacuns. x SOD. {Slirling.] 

vhioh Mimeeta the aides of the medullary cylinder with the 
parigateftl sheaEh of the sbiit ; d, of a coarse irregul&r rascular 




meehwork occupying at each end the space between the medullary 
eytindor and tho plate of articular cartilage, and connected with the 
periosteum of tfio lateral parta of the articular end; e, of the 
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h&rd, perfect oeeeoos tissue vhlch fills the meshes of these two 
oetworka." 

Composition. — Organic Basis, — ^The minentl substances of the 
bone caa be remoTed bj treatment with miner&l acids, and an 
organic residue is left which retains the form of the original bone. 
This substance, formerly known as oisein, yields gelatin on treat- 
ment with boiling water, like connective tissue proper. It also 
contains a certain amount of a suhetance akin to dattin. 

According to Hoppe-Sejier, from 35 to 26 percent, of the oi^nic 
substance of bone consists of collsgeue, ttie other constituents 
amounting to about 8 per cent. 

Waier. — The quantity of this shows a considerable variation 
even in the bones from different parts of the some frame. Schodt, 
for exsjnple, found a variation of irora 16 to 44 per cent, in the 
different bones of a dog. 

Miiieral Basis. — On calcining bone the organic matter is re- 
moved, and the mineral framework left behind. This consists 
principally of calcium phosphate, with calcium carbonate and 
magnesium phosphate, and small amounts of compounds of potas- 
sium, sodium, chlorine, and fluorine. The sodium amounts to about 
1 per cent, of the totaj ash, the potassium to about 0'25 per cent., 
while the fluorine does not, as a rule, exceed 005 per cent., though 
in exceptional cases it may amount to 0*10. Chlorine is only 
present in traces. 

The following figures, selected from a long table given by Fr^my,* 
show the proportion of mineral matter and some of its constituents 
in the bones of various animals : — 

MINERAL MATTER OF BONE. 
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I. fk Chin, a Pkyi., iiL Ser. 12, 17-107. 
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It is noteworthy that the percentage of the different constituents 
calculated on the amount of bone-ash show a remarkably constant 
ratio in the case of different animals. Thus Zalesky* gives the 
following figures : — 





Calcium 
Fhoiphate. 


Hagneslum 
Fhosphate. 


Calcium combined 

with COq, 01, 

andr. 


Carbon 
Dioxide. 


Man, 
Ox, 

Guinea-pig, . 
Turkey, . 


83-89 
86 09 
87-38 
85-98 


1-04 
102 
1-06 
1-86 


7-66 
7-86 
7-03 
6*82 


6-73 
6-20 

... 
5-27 



Gabriel,! also, gives results in substantial agreement with 
these : — 





Calclom Oxide. 


Phosphoric Acid. 


Hagneilum Oxide. 


Ox 

Goose, 


61-28 
51-01 


87-46 
8819 


1-06 
1-27 



The age of an animal appears to cause but little variation in 
the composition of the mineral matter of the bone, judging by 
the results of R Wildt,^ who examined the bones of twelve rabbits, 
varying in age from one day to four years, with the following 
results: — 



Calcium Oxide. 
61 -91-52 -89 



Phosphoric Acid. 
89-78-42-20 

THE BLOOD. 



Hagneslum Oxide. 
0-88-1-88 



Quantity in the Body. — Speaking generally, the blood con- 
stitutes about one-twelfth of the total weight of the body, but the 
quantity depends very largely on the condition of the animal, and 
on the length of time that has elapsed since it has taken food 
and drink. The amount of blood which is lost when an animal 
is slaughtered is only a portion of the total quantity, a consider- 
able proportion being retained by the flesh and various organs. 
Acconling to Fischoeder § the quantities which can be collected 
on slaughtering various animals are on the average : horse, 

* Quoted by Neumeister, Lehrbucht p. 456. 
t ZeU. phys. Chem,, 1894, 18, pp. 281, 282. 



:. Cll,f p. 457 

^Uisehbcxhat 



p. 23. 
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20 to 25 litres; ox, 15-20 litres; pig, 2-3 litres; ahoep, 1 to 1} 
litre ; aod calf, 1 to I) litre. 

General Characterutics. — The specific gravity of blood shows 
considerable variatioti, even in different animals of the same 
species, the sex, aourishment, and age of the individual all having 
an influence. The nonnal limits maybe taken as 1'04S and 1'075. 

Odour. — Blood has a smell cbaracteriBtic of the animal from 
which it was derived. This becomes much more apparent ou 
adding dilut« sulphuric acid and gently warming. 

Reaction to Litmus. — The chemical reaction is feebly alkaline 
on account of the presence of sodium carbonate and sodium 
phosphate. According to Winterstcin * the alkalinity of rabbits' 
blood is equivalent to 0'165 gramme of sodium hydroxide in 100 
c.c. The alkalinity of the blood differs no more in different species 
of animals than in individuals of the same species. 

Colour. — This depends chiefly on the quantity of hteraoglobin 
in the blood. As a rule the blood of carnivorous animals is darker 
than that of herbivorous animals, and the male has usually darker 
coloured blood than the female. 

Sirueture. — Blood consists of an almost colourless liquid, the 
platma, in which are suspended small particles — the colourless 
and red corpuscles. From the plasma an albuminous substance, 
fibrin, is readily separated, while the clear residual liquid is 
known aa the lenim. When the coagulation or clotting of blood 
occurs, a solid mass is formed, consisting of the red corpuscles 
bound together in a network of fibrin. 

Conditions Affecting Coagulation. — The coagulation of blood 
is accelerated by such conditions as moderato warmth (39°-49° C), 
dilution with not more than twice its volume of water, contact 
with foreign substances, and exposure in shallow dishes to the 
action of the atmosphere. It is retarded by cold, heat, additiou 
of more than twice its volume of water, imperfect aeration, as iu 
cases of death by suffocation, and by the addition of alkaline 
salts, strong acids, or alkalies. 

TEE RED OOBFUSCLES. 

In man and most mammals these are roimd , double-concave 
discs, but in the blood of the camel and llama, and in that of birds, 
fishes, reptiles, and amphibia, the discs are elliptical. There is a 
great difference both in their size and number in different animals. 
As a general rule the blood of reptiles and amphibia contains 
Oomparatively faw, while they are especially numerous in the blood 

■ ZtU. piky. Chan., 1891, 10, p. COS. 
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of oamivora. The accompanying figure reprcBeata the appearance 
of the red and white corpuscles of human blood. 




■m 



!oejU ; n, free gr&nDlst 

According to Bunge,* the proportion of blood corpuacles in 100 

EEirta of blood in, in the case of different Btiimola, tut follows: 
Drse, 53; pig, 43'6 ; ox, 35; dog, 35'7. Arouet* found human 
blood to contain on the average 48 per cent. 

Colour. — This is due to hiemoglobin, which, in the form of 
Oiyhtemoglobin, composes about 13 per cent, of the total blood, 
40 per cent, of the moist corpuscles, and 95 per cent, of their 
total organic matter. The other constituents of the corpuscles 
are grouped together under the terra etroma. 

Esaniinod under the microscope, the indiyidual corpuscles are 
transparent, and have a faint yellowiah-green colour. 

Oxyhamuglobin. — This is the colouring matter of the bright red 
arterial blood. It can be isolated from the ^roma in a ctystalline 
form. The blood corpuscles are separatwi from the defibrinated 
blood by means of centrifugal action, washed free from serum with 
a Bolntion of sodium chloride, shaken with ether, transferred to a 
separating funnel with a am^ quantity of water, and the lower 
aqueous solution filtered. I'be filtrate is cooled to zero, mixed 
with a fourth of ite volume of alcohol also at 0° C, and allowed to 
stand for twenty-four hours at a temperature of from — 2° to 
— 10° C. The crystals of oxyhtcmoglobin which have deposited 
are pressed between filter paper, and purified by rocrystallizataon. 

Differenet* m the Oryfuemoglohin GryitaU ohlainfi from the 
Bloml of Different Animaig. — The crystals obtained by the method 
described above vary greatly in chemical composition, crystalline 
fotm, and solubility (see fig. 12). 

As an instance of the variation ax composition the following 

• Qnotfid bj Neamfiiitot, Vhya, Chem., p, 669, 
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analjBis of different specimens of crystals from horse-blood may be 
quoted: — 

Carbon. Iron. Sulphnr. 
Hopp^Seyler, . . 64-87 0-47 065 
Zinofisky, . . . B115 034 0-39 
The water of crystallization in different Tarieties of oiyhiemo- 
globin varies from 3 to 10 per cent. 
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As regards crystalline form, the oiy haemoglobin of human blood 
is obtained in microscopic rhombic needles, and that of the horse in 
quadrilateial prisms often aevoral millimetres in length. The 
blood of the guinea-pig, rat, and many birds yield rhombic tetra- 
bedra, while from that of the squirrel hexagonal plates are deposited. 

The difference in aolubiUty is shown by the fact that the crystals 
are easily prepared from the blood of the guinea-pig, rat, and sqiiirrel, 
and fairly readily from that of the horse, dog, cat, and mouse, but 
only wiva considerable difficulty in the case of the pig and ox. 

Identijicaiiott of Oxylutmoglobiit. — The most chuacteriatio pro- 
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perty of oxyhfemogluliiii is its absorptiou spectrum. In a suitable 
degree of dilution it shows two biinds, one at D, and the other, 
which is broader and less defined, at E. On continued dilution 
the latter is the first to disappear (c/, fig. 15). 

iiuaniitatine Eglimatum of Oxyftmmoglohin. — The amount of 
oxyhieraoglobin in blood, or in liquids containing blood, can be 
approiimntcly estimated by determining the amount of iron in the 
The oxjhiemoglobiu from horses' blood contains from 0'34 




Fin. 13.— Flcirehrs lia-tiii.t.i.'tL-j. K, i..|-tuli.ui-,a i...]-,. ^.f t;|a5, nioTcd by 
R; a, miiiiig veJael with t»o coiiijiartniPnte, o oud^r' ; 3f, Ulilo, witli hole 
torBBdoff peroenUgf! of hsmoKlobin on scala f ; TUtuioveE; S, mirror 
of pluitat of PikriB. (Larulois and StirlCng.) 

to 0-47 per ceut. of iron, and 0'42 per cent, may be taken as the 

aven45e amount in dry oxyhaimoglobiD in general. 

The method most frequently employ^, however, is Hoppe- 

Seyler's colorimetrio process,* or one of iu modifications. This 

consists in diluting a measured quantity of blood with water until 

it matches the colour of a solution contcuning a known quantity of 

pure crystalline oxyhemoglobin. 

The Nessler tubes, and the process recommended by Hehner f 

for the determination of ammonia in water, are well adapted for 

this colorimetric process. 

G, Oliver X advocateB the use of Lovibond's tintometer and 

standaid colour ghwses, and, according to HalUburlon,} this gives a 

better result with diluted blood thtm any other colorimetric process. 
• Zeit. phyiial. Ckm.. 1892, tn. p. 506. 
\AfJid. \rn. ii. p. 180. XKiTk-*FKvri<, 
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FleiBchl'B hiemometer, which is one of those most frequently 
need, ia illustrated in £g. 13. 

Itedueiion of Oxyhemoglobin. — The oxygen in oiyhEemoglobin is 
only feebly combined, and is completely liberated tN vacuo. It is 
known as 'respiratory oxygen,' and the iron in the proteid mole- 
cule probably plays some part in its addition. Besides being re- 
duced in a vacuum, oiyhromoglobiu is also converted into htemo- 
globia by pasung a current of an inert gas such as hydrogen, 
carbon dioxide, or nitrogen through a solution of it, by the addi- 
tion of reducing agents such as ammonium sulphide, aud by the 
products of putrefaction. 

'Pgetido-Hiemoglobin.' — Certainre(tucingagent8,suchas potassium 
hydnxulphide, only cause a partial reduction of oiyheemoglobin,and 
an intermediate product is formed with the same spectrum as the com- 
pletely reduced oxyhemoglobin, hut still containing some oxygen. 

Heemoglobia. — This is obtained by the complete reduction of 
oxyhiemoglobin, and is the dark purple colouring matter of the 
venous blood. It oombioes energetically with oxygen aod carbon 
monoxida Its spectrum is shown in lig. 15. 

ffttmaiin. — On heating an aqueous solution of oiyhtemoglobin 
to about HO' C. it undergoeB decomposition, and an amorphous pre- 
cipitate is deposited, which has a composition corresponding to the 
formula CgjHggN^O.Fe. Hcematin has a bluish-black metallic 
lustre, and can be heated to 180° G. without decomposition. 

Hxmin. — This is the hydrochloric acid compound of hiematin 
anhydride, and has the formula C^H^NfOjFe.HCl. It is precipi- 
tated in characteristic crystals on heating a solution of oxyhoimo- 
globin in glacial acetic acid conbiiniug a little sodium chloride. 
The crystals are minute rhombic plates with a bluish-black metallic 
lustre. They are insoluble in water, alcohol, and ether, slightly 
soluble in acetic acid aud dilute mineral acids, and easily soluble 
in alkaline liquids and acidified alcohol. The difference in the form 
of bamin crystals from different kinds of blood is seen in fig. 14. 

Hxmaiin Add. — This has recently been prepared by Kuster* 
by oxidizing hfematin dissolved in acetic acid. It is a crystalUne, 
dibasic acid, and has the formula CgHj^O^. 

Hiemo-ehromogen, or reduced hrematin, is produced by the 
action of acids and alkalies on hemoglobin in the absence of 
oxygen. In alkaline solution it rapidly absorbs oxygen from the 
air, changing to hccmatin. In acid eolntioa it gradually loses its 
iron, and becomes converted into hajmato-porphyrin. 

Meemato-porphyrin, — When hsimatin or hicmin crystals are 

treated with concentrated sulphuric acid, fuming hydrochloric 

ftcid, or acetic acid and hydrobromic acid, the iron is completely 

• BerichU, IB87, \>. lOS. 
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Split off, aiid, ou dilution, a colouring matter is obtained. Thia has 
tbe composition Cj^Hj^X^O^ and was named htemato-porphyrin by 
Hoppe-Sojier. 

MetlucmogloUn. — By acting on the colouring matter o! blood 
with oxidizing agents, such as potassium permanganate, hydrogen 
peroxide, or ozone, the oxyhiemoglobin undergoes a luolecidar 
change, and an isomerio compound with a distinctive spectrum is 
formed. It can be reconverted into oiyhiemoglobiu by dissolving 



"^ 



', rabbit. {LatidoU awi Stirling.) 
it in dilute sodium hydroxide solution, and adding a reducing agent 
such as ammouium ijuiphide. 

Carbon Monoxide HKnioglahin is a compound of haemoglobin 
with carbon monoxide, and is produced in the blood in coses of 
poisoning by that gas (r/ iig. 15). 

Sp&Ura of Hemoglobin and its Derivatives. — The spectra of 
hiemoglobin and uf some of its most characteristic compounds are 
shown in the acoomimnying dgure (fig. 15}. 

THE WHITE C0BFUSCLE8. 

Tlie white corpuscles, or leucofj/iet, are present in the blood in 
much smaller quantity than the red corpuscles, the normal ratio 
being about I : 350. Tliey are also considerably larger, being 
usually about yioxs '^^ ^^ '°'^'^ '" diameter. In form they are 
irregular, and are continually altering their shape after the 
manner of the ammha. They are composed of a granular sub- 
stance of a protoplasmic oaturo containing a rounded nudeut, 
which can readily bo made visible by treating the white corpuscles 
with very dilute acetic acid. This nucleus assumes a darker 
colour than the rest of the corpuscle when stained vrith carmine. 
Fig. 16 represents the appearance of the white corpuscles when 
treated with different reagents. 
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OTHER SMALL BODIES IK BLOOD. 

Id addilioii to thtt corpuscles, blood contains email irrogularly 
J duk^ied bodies containing protoplasm, to which the name of blood 
WplatekU or ' Immatoblaets ' has been giveu. There also occur here 
■ IM. OKDge. Yellow. Green. C;iui Bluv. 
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Pin. IE.— SiMCtra 

1 Lbore small particles, some of whioU contain ft brown or black 
pigmuiit. TliLiui are about five times the siite of the red cor- 
Hclm, nnil [loesibly hnre their origin in the spleen. The colour- 
s particles which an met with in the blood are probably (rag- 
mto of brokea-up wliita corpuscles. 
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THE BLOOD PLASMA. 

This contains about 8 per cent, of solid matter, chiefly of a pro- 
teid nature. The amount of inorganic matter is about 0*75 per cent. 

Proteids of the Plasma. — The albuminous substances contained 
in blood plasma are chiefly globulins. Serum albumin is also 
present in small proportion, the ratio between it and the globulins 
varying in diflbrent species of animals. The plasma of cold- 
blooded animals contains the least serum albumin. 
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Fig. 16. — White corpuscles under different reagents. A^ human white hlood 
corpuscles without any reagent ; B^ after the action of water ; (7, after 
acetic acid ; D, frog's corpuscles ; changes of 8ha{>e due to amoeboid move- 
ment ; Ef fibrils of fibrin from coagulated blood ; F, elementary granules. 
{Landois and Stirling, ) 

Metaglobulin or Fibrinogen, — This is the most important of the 
proteid constituents. It can be separated from the globulins and 
serum albumin by adding sodium chloride to its solution. When 
the amount of sodium chloride reaches 16 per cent, the fibrinogen 
is precipitated, whilst the globulins remain in solution until the 
liquid has been saturated with salt. 

On heating fibrinogen in aqueous solution to from 56* to 60* C, it 
is decomposed into two globulins, one of which is precipitated, while 
the other remains in solution until the temperature reaches 65* C. 

After removing the sodium chloride by means of dialysis, fib- 
rinogen is obtained in white flakes, which readily agglomerate into 
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an elafltio m&as. Whea left in water it undergoes an alteration 
and becomes insoluble in dilute salt solutions. 

' Thrombin ' or ' Fibrin Ferment.' — According to A. Schmidt * 
and Othere the coagulation of fibrinogen is brought about by an 
eaxjvne, the so-called ' thrombin ' or ' fibrin ferment,' which is 
derived from a substance of a similar nature, 'prothrombin,' con- 
tained in the corpuBcles of the blood, more especially the white 
corpuscles. It can be obtained from the defibrinated blood or 
from the blood serum by leaving the liquid in contact with strong 
alcohol for several months, and extracting the air-dried deposit 
with a little water. This aqueous extract contains the active 
enzyme, and rapidly causes a solution of fibrinogen te coagulate in 
the presence of a small quantity of calcium chloride. 

Fibrin. — On coagulation fibrinogen is decomposed into two pro- 
t«id bodies— jffrrtn and Jibrin globulin. The quantity of fibrin 
obtained from blood only amounts to from O'l to 0'4 per cent., 
although from its voluminous nature it appears considerably more. 
When deposited during the coagulation of blood it is very impure, 
being mixed with senmi globulin and constituents of the white 
corpuscles. The pure substance can be prepared by treating a 
solution of pure fibrinogen containing calcium chloride with the 
fibrin ferment. Pure fibrin is insoluble in water and (at first) in 
neutral saline liquids, but is completely soluble in dilute acids and 
alkalies after remaining in contact with them for some days, aud 
in dilute salt solutions after some weeks. 

Fibrin Globulin. — This substance is formed together with 
fibrin during the coagulation of fibrinogen. It is also produced 
together with another proteid on heating fibrinogen to 5&~60° C. 
On evaporating its aqueous solution fibrin globulin is converted 
into a substance of an albumose character. 

Paraglobtdin or Serum Globulin. — When blood coagulates (with 
deposition of the altered fibrinogen) this proteid is found in an 
mialtered state in the serum. A solution of paraglobulin in a 10 
per cent, solution of sodium chloride coagulates at 75° U. It can 
be precipitated by adding to ite solution an equal volume of a 
saturated solution of ammonium sulphate. 

Serum Albajnin. — This is also found in the serum nftor coagula- 
tion of the blood and can be isolated by precipitating the globulins 
by saturating the liquid with magnesium sulphate at 30 C, aud 
then adding dilute acetic acid to the filtrate. Pure scrum albimiin 
coagulates from its aqueous solution at 60° C, but when saltti are 
also present the coagulation temperature is considerably raised. 

TelloK Colouring Matters of Blood Serum. — The faint yellow 

colomr of the blood serum of man and most animals is due to the 

* Nenmciiter, Ivc. cit., p. Mi, 
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presence of a dissolved colouring matter (lipoclirome), which cau be 
extracted hj means of amyl alcohol. This colour is roucb more 
pronouuced in certain animala than in others. It is well marked, 
for instance, in the serum of the ox, pigeon, hen, and tortoise, 
whilst rabbits' serum is almost colourless. Under the name 'lipo- 
etirome' are clasailied various uou-uitrogeuous auinuil colouring 
matters, the constitution of which hae not been determined. 

Hammarsten * found that the blood serum of the horae always 
contained n email qiwntity of l/iiimbin, one of the coloimng 8ub- 
sttiQces of the bile. The amount of this appears to vary in diHereat 

^iit. — This ma; amount to as much as 1 per cent, in the caoe 
of animab whose food has contained a large amount of fat. It can 
bo extracted from the serum with ether. 

Cholegterin and lecithin are invariably present in small pro- 
portiona. 

Glucose. — This is a constant constituent in varying quantity in 
the blood serum of different animals, hut it never appears to exceed 
0'3 per cent, of the original blood. Other reducing bodies, iu- 
cliiditig gums, are also present in traces. Traces of sarcolactio 
acid, kreatine, nric acid, and urea are also present. 

Inorganic ConatituentB of Flasma. — These are found partly in 
combination with the proteicls and |ia,rtly in the tree state. Bunget 
obtained the following mean results in his esumination of the blood 
scrum of the horse, ux and pig : — ^Potasaiiim oxide, 0'026 ; sodium 
oxide, 0-435; calcium oxide, 0-013; magnesium oxide, 0-004; 
chlorine, 0-369 ; phosphoric acid, 0-022 ; total, 0-869 per cent 

The sodium chloride is in the free state, and not in combination 
with the proteida. A considerable proportion of the sodium is 
in the form of sodium bicarbonate. In addition to these salts 
traces of fluorine compounds have also been found. 

Gases in Blood. — These are oxygen, carbon dioxide, and nitro- 
gen. Arterial blood contains more oxygen than venous blood, 
while the latter is richer in carbon dioxide. PflugerJ obtained from 
the arterial hlood of a dog, 21 per cent, by volume of oitygen, and 
from the venous blood 12 percent. In the case of the carbon dioxide 
the respective quantities were 38 and 46 per cent, by volume. 
There is not this difference to be observed in the amount of nitro- 
gen, which, in each kind of blood, is about 2 per cent. 

The carbon dioxide is present partly in the form of sodium bicar- 
bonate, and the remainder is probably loosely combined with some 
of the proteid substaucee. I'ractically the whole of the oxygen is in 
chemical combination with the hicmoglobin of the red corpuscles. 
' HeaniBirter. loe. eU-, p. 685. t Ztit. Biol., 1876, 12, p. 191. 

$ Naaiuei«t«r, foe at., p. BOO. 
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ULIIUAIE COHFOSITION OF BLOOD. 

According to the analysis of Playbir and Boeckmann, the dried 
blood of the ox has the following elementary composition : — Car- 
bon, 57'9 ; hydrogen, 7-1 ; nitrogen, 17'4; oxygen, 19'3; ash, 
4'4 per cent. This would correspond to the formula C^HggN,gO,„ 
which is identical with that found by the same chemists for 
flesh. 

PROZnUTE COMPOSITION OF BLOOD. 

E. Abderhalden* gives the following table of the quantity of 
the various constituents in the blood of the ox and horse. 



COMPOSITION OF THE BLOOD OF THE OX AND 
HORSK 





Gnunmei io 1000 GnmmM. 


Ox, 


HOBBB. 


Blood. 


Blood 
aemm. 


Blood 


Blood. 


Blood 

Serum. 


Blood 

Corpns- 


Watar, . . 


S08'9 


913-64 


G91-8S8 


749-02 


902-06 


913-15 


Solid Hittor, . 


191-1 


80-38 


408-141 


260-98 


97 86 


386-84 


Sta;'!- : 


82-0 




261-92 


196-9 




316-08 


90-e 


72-6 


129-02 


89-7 


84-24 


68-78 


Stigar, '. . 


07 


1-06 




0-626 


1-178 




aH^JMUriD, . 


1'8S6 


1-238 


8-'379 


0-346 


0-298 


0-3?8 


Lecithin, . 


saw 


1876 


3-748 


2913 


1-720 


3 973 


Fat, . . . 


0-667 


0-926 




0-611 


1-300 




InNncleiM, . 














0'02S7 


0-0183 


0-0646 


0-OflO 


0-020 


0-095 


Sodinm Oiidg, . 


3-836 


4-312 


2 -2822 


2-OBl 


4-434 




PoUniumOxid*, 


r407 


0-266 


0-722 


2-738 


0-163 


4'935 


Iron Oxide, 


0-641 




1-671 


0-828 




1-693 


Caloinm Oiide, . 


0-060 


0-1194 




0-061 


o'ins 




Hu(n<unia Oxide 


0-0356 


0-0446 


0-0172 


0-064 


046 


0-0809 


s-ors 


SOD 


1 -81211 


2-785 


8-726 


1-949 


rboiphonaADid. 


0-4038 


0-214 


0-7348 


1-120 


0-240 


1-BOl 


i^btr,'? 














0-1711 


0-0847 


0-8602 


0-806 


00715 


1-468 



* Z*ii. phytiol. CUm., 1897, 28, p. 621. 
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ISEHTIFIGATION OF BLOOS IN STAINS, ETC. 

This belongs rtitber to the domain of forensic chemietr}' than to 
the Bubjecta treated of in the present work, and iience no exhau»- 
tivG description of the mothoda which have been recommended for 
the purpose is attempted here. The following details may, how- 
ever, be found serviceable. 

Alt&ratitm of Dried Blood on Heating.* — When dried blood is 
heated for an hour at 100* C, it still remains soluble in water, cold 
saturated solutions of borax, concentrated solutions of potassium 
cyanide, dilute sodium hydroxide solution, auuuunium hydroxide, 
acidulated alcohol, and glacial acetic acid. 

After being heated for an hour at 120* C, it becomes insoluble 
in water, and less soluble in the other liquidtt, with the exceptioD 
of sodium hydroxide solutiou, and acetic acid, in which it dissolves 
as readily as before. 

After an hour at 140' to 180* C, it is only slightly soluble in 
aninionium hydroxide, but more so in sodiiun hydroxide solution 
and glacial acetic acid, which must therefore be regarded as th« 
most suitable solvents. 

Preparation of Hamin Crij»iale, — Tliia is generally looked upon 
as the most characteristic test for blood. By using potassium 
iodide instead of sodium chloride, Strzyaowski • was able to detect 
as little OS 0'000025 gramme. In his metliod a trace of the sub- 
stance under examination is mixed with a drop of a 0'2 per cent, 
solution of aqueous potassium iodide on a glass slide, and after the 
liquid has evaporaled, a cover glass is placed over the residue, and 
a little glacial acetic acid introduced. The slide is gently heat«d 
until the acetic acid commences to boil, and when cold is examined 
under the microscope. 

Speetroseopical Kraminafion. — This often fumtRhes corroborative 
evidence. The absorption spectra of some of the colouring sub- 
stances, obtained from blood, are shown ou p. 39. 

Detection of Blood in Ihe PreKnce of Iron. — It is often impos- 
sible to obtain biemiu crystals from blood which has become insol- 
uble from being left in contact with iron. In such cases Uantter f 
recommends tlie use of hydrogen peroxide as a reagent. A drop 
of the solution, or a fragment of the insoluble substance moistened 
with water, is made feebly alkaline, and a drop of hydrogen per- 
oxide added. If the slightest trace of blood be present, numerous 
bubbles of oxygen ore UhcrHted, which, in a short time, coalesce 
into a white scum. 

UufortuuBtoly, other animal fluids (e.ff. pus) behave in a similar 
" 2fU. an^. CUm.. 18113, p. 167. 
t /Mi'., IfiHS, p[k 1&>, UO. 
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manner, so that a poBitive result is not absolutely conclusive. 
Still the test is of value as confirmatory evidence. 



THE BLOOD OF IKVBKTEBEATE ANIHAIS. 

Hnmo^nnplL — In worms and the majority of molluscs, the 
liquid which corresponds to the blood in higher animals, fulfils 
the functions of blood and lymph, and has hence received the 
name of ' lutmaiymph.' It is a liquid rich in albumiDOus sub- 
stances, and in many cases shows signs of fibrin coagulation. It 
contains white coipuHcles (leucocytes), and in some few instances, 
red corpuscles, but the latter are rare. Instead of red corpuscles, 
free oiyhsemoglobin is not unfrequently found in solution, its 
function being probably of a respiratory nature, and the violet or 
purple colouring matter in the hGemolymph of some invertebrata 
appears to play a similar part 

Oxt/hiemoeycmm, — In certain arthropoda and molluscs (e.g. the 
crab, oyster, and snail), the hsmolymph has a bright blue colour, 
due to the presence of an albuminous colouring matter, which 
takes the place of the oiyhsemoglobin in red blood, but which 
Goutains copper instead of iron. This pigment, known as ' oxy- 
bxmoeyanin,' can be partially separated from the htcmolymph by 
dialysis, but it readily redissolvcs in a dilute solution of sodium 
chloride. It coagulates at 68° to 69° C, and, like the globulins, 
can be precipitated by saturating it« solution with magnesium sul- 
phate or sodium chloride. 

When acted upon by acids, it is decomposed into albumin, and 
a colouring substance which contains a large proportion of copper, 
and corresponds to htBmatin. When the respiratory oxygen is 
withdrawn from it in vacuo, or by means of reducing agents, a 
colourless compound Qutmueyanin) is left, which rapidly becomes 
blue agwn on exposure to the air. Neither of these compounds 
appears to have a very definite absorption spectrum. 

Other pigments, of the nature of lipochromes, have also been 
found in heemolymph of various origin, but these have not been 
proved to have any definite respiratory functions. 



CHAPTER III. 

THE FLESH OF DIFFEBEHT AW rwAT. S 

There is no more difficult problem in unalytical chemistty than 
the detection of one kind of flesh when miieti with another. It ia 
true that each has its own characteristic odour, but the aubstanoe 
producing this ia probably preaent in too minute a quantity to be 
isolated from the flesh or separated from a mixture of sucb bodies. 
Then, too, the chemical differences which have been recorded by 
VEiriouB observers are in moat cases incapable of giving reliable 
data, owing to the variation in the composition of the flesh of 
different animals of the same species, and the similarity of that 
of animals of different species. 

In some cases an examination of the fat of the adipose tissue 
connected with the muscle or of the fat within the muscular tissue 
itself may be of service, as, for instauce, in the detection of horse- 
flesh in meat preparations,* and for that rea.soD the chemical and 
physical constants of the fat of different animals lire given at length 
in the following pages. 

Sometimes the flesh contains a considerable proportion of a ^ven 
constituent, which ia either absent altogether or only present in 
smaller amounts in other kinds of Besh, as, for example, tsokrea- 
tinine in the flesh of the haddock, betaine in the mussel, and gly- 
cogen in horse flesh. In such cases a quantitative determination 
of the substance may give an approximate idea of the amount of 
the original flesh. It ia only, however, in the case of borse-fle&h 
that such a method hae a^ yet been worked out with any degree 
of success. 

C. Virchow t made experiments to determine whether there was 
a difference in the amount of soluble extractives in different kinds 
of fleah. After removing all vbible tat, the finely divided flesh 
was extracted with water at 45° C, the extract boiled, filtered 
from the coagulated albumin, an aliquot part of the filtrate evapo- 
rated, and the residue dried and weighed. Hia results showed that 



t S. hrchot 



■cKovfi Archiv, 1 
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there was no appreciable difference in the total amount of ex- 
tractives yielded by the muscular fibre of different species, or of 
different animals of the same species, whatever their age, condition, 
or food. 

In the case of the ox his mean results were : — 

Ox (healthy). Ox p^,* 

Fat Lean, (diseased). ^"• 

Water, . . . .76-68 76*26 77*47 77*61 percent. 

Extractives, . . . 8*73 8*68 8*87 8*82 „ 
,, calculated on dry 

substance, . 16*78 16*09 17*19 17*22 „ 

In the description given in this chapter of the varieties of flesh 
more commonly used as food, a classification into four groups has 
been adopted for the purpose of convenience: — (1) Domestic 
animals ; (2) Game and birds ; (3) Vertebrate fish ; (4) Invertebrata. 

The word * flesh * is here chiefly used in its colloquial sense of fat 
and lean meat. 



THE FLESH OF DOMESTIC ANIMALS. 

There is, in general, a marked distinction between the flesh of 
the common domestic animals and birds and of * game,' the muscular 
tissue of the former being of a coarser texture, and undergoing 
putrefactive decomposition more readily than that of the latter. 
This difference must be chiefly attributed to the difference in food, 
environment, and habits of life, for when a domestic animal is 
placed under the same conditions as a wild one its flesh in the 
course of future generations assumes the finer texture and other 
characteristics of * game,' an instance of which is seen in the case 
of Welsh mountain mutton. 

The sex of an animal often has an influence on the physical 
characteristics of its flesh, and, as a rule, the flesh of the female is 
more tender, but has less flavour, than that of the male. 

The table on p. 47, compiled from those of Konig,* gives the 
mean results of the analyses of different chemists. 

The subjoined table on p. 49 by Strohmer t gives an idea of the 
comparative composition of the chief animals in this group re- 
garded from another point of view. 

The average composition of commercial lean meat, freed from 
bone and all visible fat, is given by Voit as : — Water, 75*9 ; pro- 
teids, 18*4; collagenous substance, 1*6; fat, 0*9; extractives, 1*9; 
and ash, 1 *3 per cent. 

* Nahr. u. OemtssmiOel, iL 110. 

t Die Emahrung des MeiwKen, p. 112. 



CHARACTERISTICS OF BEEF. 



Affi of Animsl, vmn, 
Lirinf Weight, kiliM. 
OoDtunad per cent. — 



Entnuli, tkiti, ato., 
Batahar's nfiue, , 
Fit for food,. . . 



40-2 
26-8 
23 -S 



BEEF. 

Charaeterieticg. — The muscular tissue of the ox has a somewhat 
closer texture than that of the other animals in the preceding 
table, and retains more of the blood. In certain parts the flesh 
is nearly free from visible fat, in others the fat is intermingled 
with the lean, giving a mottled appearance. The connective 
tissue of an animal in good condition glistens on exposure to the 
air, and is fairly moist, though no water should exude from it. 

The proportion of muscular tissue, fat, etc., oontaiued in an 
OZ are shown in the following table of Lawes and Gilbert : — 



Conditioii. 
Hodsratalv ftt. 

Fit, . . , 



Age. Bcnes. Muscle, Fat. Skin, etc 

BjBftrg 11-* 47'B 12-7 28-0 

„ 10-1 40-2 2S'8 23'6 



Influence of Sex. — The flesh of the cow is more tender than that 
of the OZ, but has somewhat less flavour. That of the bull has a 
rank, strong taste, and in consequence bull-beef may only be 
exposed for sale in this country with a plain notification as to its 
nature.* 

In general it may be stated that the flesh of the male uncastrated 
^>t^imaI hss a more pronounced taste and smell than that of the 
female or castrated male. 

CiMnpomfion.— According to the analyses of Playtair and Boeck- 
mann,t beef has the following ultimate composition : — 

Owbon. Hydrogen. Nitrogen. Oiygen. Aih. 
PlmyfUr, . . 6188 7-G7 IS'Ol 3187 423 

Boeokmuiti, . El-89 7'E9 1605 21-24 423 
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Almen * found its proximate percentage compoBition to be : — 
Water, 76-76; solid matter, 23-24; proteids, 17-88; fat, 2-24; 
insoluble salts, 0*65 ; and soluble salts, 0-48. 

As an instance of the variation in the composition of the flesh 
from different parts of the same animal, the following results may 
be quoted from Konig : — 



Flesh of Fat 
Oxlrom 


Per Cent. 


Percent. 
Calculated on Dry Snhatanoe. 


Water. 


Nitrogenous 
Substances. 


Fat 


Ash. 


NItrocenoua 
Substances. 


Fat 


Nitrogen. 


Neck, . . 
Shoulder, 


73-5 
50-6 


19-5 
14-6 


6-8 • 
84 


1-2 
1-0 


78-68 
89*29 


21-89 
68*69 


11-77 
4-68 



Digestibility. — Judging by the results of artificial digestion 
experiments, the muscular tissue of the ox is the most digestible 
of all the kinds of flesh ordinarily eaten, t 

The Fat. — Beef-fat shows considerable variation in colour 
according to the age and food of the animals. In young bulls 
it is whiter than iu cows and bullocks, and the fat of animals fed 
on oil-cake is much yellower than that of animals fed on grass or 
com. The fat of certain breeds of cattle, notably those of Jersey 
and Guernsey, is of a deep yellow colour. 

In composition beef-fat consists almost entirely of the glycerides 
of stearic, palmitic, and oleic acids, and is much more constant in 
its consistency and composition than the fat of the sheep and pig, 
although the variation in the fat from different parts of the body 
is considerable. 

Lewkowitsch J gives the ratio of stearin to palmitin as about 
1 : 1, a statement which is borne out by Hehner and Mitchell,§ who 
found a specimen of fresh beef * stearin ' {i.e. fat from which the 
liquid portion had been almost entirely removed, the iodine value 
being only 2) to contain 50 per cent, of the glyceride of stearic 
acid, the remainder being, presumably, palmitin. 

Beef-fat has a characteristic odour, and on cryBtallization from 
ether gives fan-shaped bunches of needle-shaped crystals consisting 
of a mixture of palmitin and stearin. This has been largely 
employed as a test for the presence of beef-fat in lard.|| 



* Falck, Das FUisch, p. 846. 

X Oils, Fats, and Waxes, 1895, p. 482. 

H Cf. p. 91. 



t Cf. p. 87.' 

§ AfuUyst, 1896, p. 828. 
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Lowkowitsch* gives the followiog Table (ace p. 52), hy Leopold 
llayer, of the composition and constants of the fat taken from 
different partA of the body of a Hungarian ox, three yuirs old. 

The iodine value of beef-fat variea, according to different ob- 
Ben-ers, from 35"4 (Filsinger) to 44 (Wilson), and that of the liquid 
fatty acida from 92 to 92-fi (Walleoatein and Finck). 

Farnateiner has found traces of linolic acid and of linolenic acid 
in ox-tallow (p. 101). 

VEAL. 

Characteristicg. — The flesh of the calf is of a paler colour and 
less consiatent than beef. It was formerly a gcnenil practice to 
iucrease the paleness by bleeding the animal before denth^a 
custom which has happily fallen into disuse in this country, t 

In Germany it is illegal to kill a calf for food at a younger age 
than ten or twelve days, while a month is the time prescribed iu a 
corresponding Austrian regulation. 

The muscular tissue of an embryo or of a newly-born calf ia 
watery, ai>d the fat has a soapy appearance and a distiuctivo 
odour. 

According to Walley t the flesh of a young calf closely resembles 
that of a dog, and the same authority sbites that veal is occ4b- 
sionally aubstituted for chicken in certain food pastes. 

Lawcs and Gilbert found a fat calf six months old to have the 
following percentage composition: bouc, I2'4; muscle, 45'5 ; 
fat, 110; skin, etc., 31-1. 

The general composition of calts flesh is given in the table on 
page 47, and the fat has practically the same chemical character- 
istics as beef- fat 

Veal contains much less iron and alkali salts than beef, but, ou 
the other hand, is richer in connective tissue. 

According to StalTel J the ash, aftijr deducting the sodium 
chloride, has the following percentage composition: potawiium 
phosphate, 68'06; sodium phosphate, 566; calcium phospliate, 
3-72; magneeium phcephate, 621; free phosphoric acid, 1510; 
ferric oxide, 0-30 ; and siUca, 0-92. 

MUTTON. 

Characterigtia. — The muscukr tissue of the sheep diflers from 
beef in its colour and in being leas firm in texture. Tlie flesh of 
an old ram, however, has a marked colour, and is firm and tough. 

* Loe. at,, p. 180. i Walley, Sltal Iiupeelion, p. IS. 

; Litbig, Letter* <n> Ckanittry, 
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The fat is vhiter, and both fat and lean have a more distinctive 
odour than that of beef, 

Walley states that goats' flesh, which ia much darker, is occa' 
sionally substituted for mutton, and that of the kid for lamb. 

Oomposition. — The flesh, like that of the oz, is of different com- 
position in dilTerent parts of the body, as is shown in the following 
results given by Konig : — 



nnhfron 


rerCaot. 


PerCcDt 

CalcDlmted on Dr; BatnUnos. 


Wtn. 


Nltn««noiii 


t*.i. 


Alb. 


NttTogenotu 


F»t 


Bltrapm. 




Hindqowta, 
B««t, . . 
Shoulder, . 


a-97 

11-89 

60-88 


14-80 
16-16 
U-BT 


M-*7 
*2-07 
23 82 


O'se 

1-08 

0-85 


S4-80 
20 SB 

SB -77 


74-91 

71-78 
fi»-82 


B-B7 
4-S2 

6-80 



'Braxy Hntton.'* — It is a very common practice in Scotland 
for the carcasses of sheep which have died from what is known as 
the ' broiy ' to be cured and smoked and used for food, although 
quite unsaleable in the market. The shepherds distinguish three 
kinds of braxy, viz., turnip brcun/, wet braxy, and red hraxy. 
Turnip braxy is a disease of the blood brought on when the sheep 
have been fed upon an excess of roots, especially turnips. It 
comes on very suddenly, only lasts for a few hours, and is very 
fataL There is a rapid infusion of the blood senun, containing an 
excess of albiuninous matter, into the connective ttsaues, the rMult 
of which is that the flesh after death feels adhesive to the touch 
and rapidly glazes over. The term ' aet braxy ' is used in a very 
loose sense, " practically including all dropsical conditions, whether 
arising from diseases of the blood such as ancemio, or from organic 
disease." Under the name of 'red braxy' are grouped all condi- 
tions in which the flesh and internal organs are markedly dis- 
coloured. There is obviously considerable risk in eating such 
flesh, especially in the case of 'red braxy,' where the term is so 
indefinite in its application that the flesh of an animal which has 
died of anthrax might very easily come under the same heading. 

The Fat. — Sheep's fat varies very greatly in consistency and 

colour according to the part of the body from which it is derived. 

The harder fat (tallow) ia found principally in the back, neck, and 

* Wkllaj, ifeat /aijKdum. 
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kidneys, whereas that from the ham and breast is fluid or nearly 
so at the ordinary temperature. 

Hehner and Mitchell * found that the consistency of the fet was 
largely dependent on the percentage of stearic acid it contained. 
They obtained the following results with the fat from different 
parts of the same sheep, t 

STEARIC ACID IN SHEEP'S FAT. 



i'at from 


In the Total Fatty 


In the Saturated Fatty 


Acids. 


Acids (calculated). 




Per cent. 


Per cent. 


Back, 


24-8 


78 


Neck, 


16*4 


36 


Breast, 


10 


8 


Ham, 


none 


none 


Kiduey, 


2(J-5 


68 



Mutton fat has a characteristic odour, and turns rancid more 
readily than beef fat. 

When crystallized from ether it deposits crystals closely resem- 
bling those obtained from beef stearin f : — 

CONSTANTS OF SHEEP'S FAT. 



DeBcriptioD. 


Melting Point 


Solidifying 

Point 
F. Acids. 


Iodine 

Value. 

Fat 


Saponifica- 
tion Value. 
sHgrms. 
KOH. 


Authoiitj. 


Fat 


F. Acids. 


Two Sheep. 
Fat from kidneys. . 

„ caul and intestines, 
„ adipose tissue, 


•c. 

54-55 
52 0-52*9 
405-49-6 


'C. 

66-2-66*5 
54 -9-55 -8 
607-51 1 


•0. 

51*9-51*9 
50-4-50-6 
43*7-46*2 


• • 

• • 

• • 


194*S-195*2 
194*6-194*8 
194*2 194*4 


Moaer, quoted 

bvLewkowitach, 

OOs, FatM, and 

Waxet, p. 485. 


Fat of Scotch sheep, 18 months 

old. 

From back, .... 

„ neck, .... 

„ breast, .... 

•» ?*jn 

„ kidney.. 




41*4 
42*2 
33-8 
40-8 
45*6 




ei*s 

48* 
68* 2 
60* 6 
48*10 


• • 

• • 

• • 


Hehner and 

MitcheU, 

AfuUyHf ISiM, 

pp. 827, S2S. 


Mol. EquiT. 

F. Acids 

of Kidney 

Fat, 276*1. 



PORK. 

Characteristics. — The flesh of pigs has always a distinctive odour, 
which is very marked in the case of old boars. In the young 

♦ Analyst, 1896, p. 827. t Cf. p. 99. 
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antmalB the flesh is very pale and soft, but becomes darker and 
firmer with age. 

According to Eonig* the food of the animal has a marked 
influence on the flavour of its flesh. Thus, pigs fed on potatoes 
in excess have a very white and flavourless flesh, whilst the 
flesh of animals whose food has consisted largely of beech-nuts 
has an oily taste. 

The muscular fibre of the pig turns grey on treatment with 
alcoholic potassium hydroxide, a characteristic which distinguishes 
it from beef and horse flesh. t 

The well-recognized indigestibility of pork is possibly due to the 
lai^r amount of fat which it usually contains. 

Strohmer | gives the foUon-ing analyses of flesh from diflerent 
parts of a fat pig; — 



Fledib^ 


W»tM. 


Nitrogenous 


Fat 


A3h. 


&,• : : 

RIU.. . . 

ShoDlder, . 

Hwd, . . . 


H-83 
48-44 

40'2r 
IB -98 


IE'98 
16-68 
18-87 
12-66 
14-2S 


84-92 

28 -oa 

42-GB 
46-71 
84-74 


89 

0-76 
0-60 

0-17 
1-07 



The Pat.— Pigs' fat is composed for the most part of the tri- 
glycerides of palmitic, stearic, and oleic acids, with, at all events 
in some cases, small quantities of linolio acid. It is probable that 
the more fluid fat, such as that from the ham and the breast, 
oontuns more of the latter fatty acid thiui does the more solid 
fot, such as that from the flare. If so, this would partly account 
for the higher iodine value of certain Americau lards, in which 
the tat is often of a much more mixed character than in European 
lards, which are prepared for the most part from the fat of the 
kidney and bowels. 

Famsteiner (e/. page 101) has found not only small quantities of 
linolic acid, but also traces of linolenic acid in lard. 

Of the fat taken from difi'erent parte of the body, that of the 
head and bam is less consistent than that of the back and breast, 
while that of the flare has the greatest consistency. 

Hehner and Mitchell § determined the amount of stearic acid in 
the fat from various parts of the same pig, and arrived at the con- 
clusion that in the case of that particular animal, at least, the 
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variations in consistency were due not so much to the presence of 
different proportions of that acid as to fluctuations in the amount 
of the liquid fatty acids, taken as oleic acid. 

Assuming the fats to contain no other imsaturated fatty acid 
than oleic acid, and that the iodine absorption furnished a correct 
measure of the amount of that acid, they obtained the following 
approximate results : — 



Fat of a Pig 


Oleic Acid. 


Stearic Acid. 


Palmitic Acid. 


from 


Per cent 


Per cent 


Feroent 


Head, 


75 


9 


16 


Ham, 


68-5 


8-8 


22-7 


Breast, 


71 


11-5 


17-6 


Flare, 


58-6 


15 


26-5 


Back, 


75 


8-8 


16*2 



The amounts of stearic acid contained in the saturated fatty 
acids calculated on this basis were : 



Head. 


Ham. 


Breast 


Flare. 


Back. 


35 


28 


39-5 


36-5 


36 



A summary of the physical and chemical constants of pigs' fat 
is given in the table on page 57, which also includes, for the 
purpose of comparison, some of the figures recorded for genuine 
lard, and the results obtained by Amthor and Zink, with a 
specimen of the fat of a wild boar. 



HORSE FLESH. 

Statistics, — In this country horse flesh has never been accepted 
as an article of human food like it has been on the Continent, and 
although it is probably eaten to a greater extent than is commonly 
supposed, popular prejudice on the subject compels the consumer 
to observe secrecy in his dealings with the vendor. Hence he 
loses the protection of having the meat under the surveillance of 
an inspector, as would be the case if it were sold as human food. 

By the Sale of Horse Flesh Act, 1889, the vendor of horse flesh 
is compelled, under a penalty of £20 for non-compliance, to notify 
the nature of what he sells in conspicuous letters of at least three 
inches in length. For the purposes of the act ' horse flesh ' 
includes the flesh of asses and mules. 

According to Humbert,* over 20,000 horses were slaughtered in 
Paris in 1892 for human food, most of the flesh being manufac* 

* Jourru Pharm, Chim,, 1895, 195-198. 
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tureJ into aaustigee, which were supposed to l>e sold with a 
declaration as to their nature. 

Bremer* Btatea that the number of borsea slaughtered in the 
public abattoirH of Prassia were :— In 1891-92, 52,934 ; 1892-93, 
52,543 ; 1893-94, 68,306 ; the number in Berlin alune amounting 
to nearly 10,000 per annum, 

In Vienna, in 1892, 18,209 horses were killed, the numbers 
having Bleadilj increased from 943 in 1854, when the first public 
elaughter-houae was established. The price per pound of the flesh 
has also risen with the number of animals killed. In 1875 it cost 
3d. per pound— more than twice what it fetched in 1S56 ; and ita 
price is said to be still on the increase. 

Characteristice. — Horse flesh is coarser in texture and darker 
in colour than beef, and baa a more distinctive and less pleasant 
odour. Aft«r standing for some time it develops a peculiar soap; 
feeling to the touch and a sickly smell, and it« surface assumes a 
charaeteriatic iridescent appearance. The muscular tissue of thfl 
horse, like that of the ox, darkens on treatment with alcoholic 
potassium hydroxide — a reaction which has been employed to dis- 
tinguish horse flesh from pork. 

It also develops a peculiar odour on treatment with for- 
maldehyde (p, 134). 

The average composition of horse flesh is shown in the table on 

E. 47, and the methods of detecting it in sausages are described at 
uigth on pp. 133-142. 

77ic Fat. — Horse fat varies in colour from light yellow to deep 
orange, and has a consistency similar to that of butter. It con- 
tains on the average considerably more of the liquid fatty acids 
than do the animal fats described on the preceding pages. 

In one case Hehner and Mitchell found a specimen of kidney firt 
to contain no stearic acid, butbycrystaUizing a large bulk of another 
specimen from ether, an insigniRcant deposit of crystals was obtained 
which closely resembled the characteristic forms of beef-stearin — a 
result which pointed to the presence of a trace of stearic acid. 

Famsteiner (p. 101) found 9'9 per cent, of linolic acid, but do 
linolenic acid, in a specimen of horse fat. 

Amthor and Zink obtained an acetyl value of from 6'61 to 
1374 with different specimens of fat, by the original method of 
llenedikt and Ulzer, which, howevci-, as Lenkowitschf has pointed 
out, is liable to give erroneous results. 

On the difTorence in the character of the fat extract ed fromthe 
muscular tissue, Bromer has based a method of detecting horse 
llt^i in the presence of pork. X 
' Foratkunp BeridUt, 1897, p. I. 
t Jmira. Soe. Chtai. Itid., 180r, i>. 603. tC/.\>. HI. 
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THE FLESH OF WILD ANIMALS AND BIRDS. 

As was mentioned before (p. 48), the flesh of wild animals differs 
from that of the animals included in the preceding class in its 
closer texture and in containing much less fat. But this distinc- 
tion is largely due to the different conditions under which the 
animals live. 

The kind of food given to an animal has a considerable influence 
on the flavour of the flesh. Where fish has been the chief food 
the flesh acquires a fishy taste, and there is a marked difference 
in the flavour of a wild and tame duck. 

The following are some of the principal average results of the 
analyses of the flesh of animals in the group. They are taken 
from the long table given by Konig * : — 



Per Cent 


Percent 
Calculated on the Dry SubsUnoa 




Water. 


Nitrogenotu 
Substances. 


Fat 


N.-fr«e 
Extractives. 


Ash. 


Nitrogenous 
Substances. 


Fat 


KttroseiL 


Hare, . . 
Rabbit, . . 
Deer, . . 
Hen (ietLu), 
„ (fat) . 
Duck (wild), 
Goose (fat), 
Pigeon, . . 


74-16 
66-85 
75-76 
76-22 
70-06 
70-82 
38-02 
75-10 


23-84 
21-47 
19-77 
17-72 
18-49 
22-65 
15-91 
22-14 


1-18 
9-76 
1-92 
1-42 
9-34 
8-11 
45-59 
1-00 


0-19 
0-75 
1-42 
1-27 
1-20 
2-88 

* • • 

0-76 


1-18 
1-17 
1-13 
1-87 
0-91 
1-09 
0-48 
1-00 


90-84 
64-77 
81-86 
82-98 
61-76 
77-59 
88-02 
89-58 


4-87 
2974 

7-92 

5-97 
81*19 
10-62 
73-55 

4-17 


14-46 
10-84 
18-10 
11-25 

9*88 
12-92 

4-11 
14-28 



Schlossberger and von Bibra obtained the subjoined results (see 
Table, page 61). 

Bear's Flesh. — Strohmert gives the following as the percentage 
composition of bear's flesh : — Water, 65-14 ; nitrogenous sub- 
stances, 26-37; fat, 5*41 ; and ash, 1*44. 

Tfie Fat, — With one or two exceptions, the fat of the animals 
referred to in the preceding table has been but little examined, 
and in many cases the constants have been determined only with 
the fat of one individual. 

The most complete research on this point is that of Amthor and 
Zink, I who have determined all the usual constants of the fat of a 
large number of animals and birds. They found that as a rule 

* Loc, ci^., iL p. 118. t Die Emahrung des JUenschen, 

t Abfit Analyst, 1897, p. 76. 
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a high specifio gravit; of the fat was accompanied b; a high 
melting point and low iodine value. The iodine value of the 
fats and fattjr acide decreased on keeping, whilst, on the other 
hand, in the case of many fats, such as that of the stag, dog, and 
wild boar, the acid value increased. The iodine value and, gene- 
lallf, the acetyl value* were lower in the fat of domestic animals 
than in that of the corresponding wild animals. A similar differ- 
ence was observed in the case of the birds, the fat of the domestic 
gooee, hen, and duck being lord-like, while that of the related wild 
birds was oily. In four oases the fats had marked drying pro- 



FlMhof 


W«tw. 


If itrogenooi Subituioes. 


Albomii). 


FlMh Fibr^ 


GeUtin. 

yi.ldiQg. 


Eo^ . . . . 

Do. 

Hen, .... 

WUd Dook, 

Pig««. . . . 


74-68 
78*30 
77-80 
71-76 
7800 


1-94 
2 30 
8 '00 
2-58 
4-60 


18 81 
18-00 
18-50 
17-68 
17 00 


0-60 

l-'20 

1-23 
1-GO 



perties, three of them becoming quite solid in the course of seven or 
eight to twelve days when spread in a thin layer on a glass plate. 
This property was possessed by the fat of the hare, wild rabbit, 
wild boar, and, in a lesser degree, by that of the blackcock. 

The fat of the wild boar differed from common lard in having 
a higher specific gravity, iodine value, and acetyl number, aud 
especially in the above-mentioned drying property. 

Fox fat differed from that of the cat and dog in its higher 
iodine value and specific gravity, but more particularly iu its 
high acetyl value.* The principal differences in the fats of the 
common and wild cata were the higher Eeichert aud acetyl 
numbers and the considerably higher acid values of the latter. 
Pole-cat fat was quite liquid and had somewhat lower constants 
than the fat of the marten. The fat of the dog and cat were 
very similar iu appearance to lard, which they also resembled in 
analytical constants, with the exception of the acetyl value, 
which was higher. 

Of the different bird-fkta examined, that of the blackcock was 

noticeable for its drying properties and high iodine value. When 

q)read on glass it soon set to a varnish, which, however, still re- 

* Bat^. not*, p. E8('h). 
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mained sticky. After fourteen days drying was still proceeding. 
After ninety-five days the iodine value had fallen to 29*7. 

The chemical and physical constants of the fat of some of the 
principal animals of this group, which are used for food, are shown 
in the subjoined table (page 63). 

The * Ripening ' of Game, — When game is allowed to hang for 
some time in a whole condition the flesh imdergoes an alteration 
which Eber considered was of a purely chemical nature, although he 
termed it * acid fermentation.' The reaction of the flesh becomes 
strongly acid, the muscular tissue becomes more tender, and after 
some time traces of hydrogen sulphide are liberated. Eber found 
that the production of the characteristic flavours of game stood 
in direct proportion to the amount of hydrogen sulphide or mer- 
captans set free ; but in his opinion the flavour {Jiaut goM) was in 
no way due to the formation of putrefactive compounds. A 
similar ripening process can be brought about in the flesh of other 
animals besides game, and indeed is necessary in the case of old 
cattle, or of bulls. 

As apparently Eber did not make a bacteriological examination 
of the flesh before and after * ripening,' his view appears xmlikely to 
be correct, and it is far more probable that the change is brought 
about by certain species of bacteria. 

The * Heating' of Game, — When game is packed too closely 
and subjected to too high a temperature, an alteration rapidly 
takes place, which is probably, in the main, a chemical change, 
brought about by bacterial products rather than by the bacteria 
themselves. Within an hour or two the skin becomes green, the 
hair loose and easily removed, and the muscle soft and flabby, 
while bubbles of gas may often be observed within the tissue. 
The reaction of the flesh is very acid, and considerable quantities 
of hydrogen sulphide are evolved, so that the flesh has a dis- 
agreeable odour. 

Eber* succeeded in imitating the green coloration and acid for- 
mation by injecting milk of potassium sulphide (0*5 per cent.). 
The origin, however, of the excess of sulphur compomids in 
the natural * heating ' is doubtful, though it is probably due 
to the rapid permeation of bacterial products from the large 
intestine. 

That the alteration is not an ordinary putrefactive process is 
shown by the facts that no ammonia is produced, and that the 
change is not progressive, i.e. on removing the causes (the close 
packing and high temperature) the muscle retains for a consider- 
able period its consistency and original structure. 

This condition of the flesh may also occur in the flesh of other 
♦ Z€U,f, FUiach u. Milch Uijg,, 1897, vii. p. 208. 
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animals from which the akin hm not been removed in the Bummer. 
Ebcr haa frequently observed it in the caae of horses. 

According to Fiachoeder,* 'heated' fleeh is not allowed to be 
Bold in Qerniany, although no iU results have been traced with 

certainty to its use. 

THE FLESH OF VERTEBRATE FISH. 

The muscular tissue of &)h ib generally white, and is less con- 
eistent than that of land animals. The dilfercuce in colour ia 
due to the fleah and the blood retained by it containing bo much 
less hfflmoglobiu. In certain fiah, however, auch as the salmon, 
the flesh has a delicate pink tint which Knikeaberg attributes to 
the presence of a colouring matter of the nature of a lipo- 
chrome. The fiesh of tish usually contains a high percentt^e of 
water, often aa much as from 80 to 85 per cent,; the amount of 
mineral matter is also usually high, eometimes amounting to 
nearly 2 per cent. 

In certain fish special constituents have been fouud, as, for 
instance, iaokreatinino in the haddock (e/. p. 10). 

Fish undergo decomposition with extreme readiness, and in 
many cases the products of decomposition are deadly poisons to 
the human system. Occasionally, too, the living fish elaborate 
poisonous sul:^tanceB. These may be of the nature of leucomainea 
or albuminous toxlnes, and are probably in some instances due to 
the condition of the water in which the fish have been Uving.f 

The age of carp may be approiimately estimated in the follow- 
ing manner : — A scale from the side of the fish is cleansed with 
alcohol and held to the light. If only a bright central spot is 
visible the carp b only one year old. If one ring eurroimds the 
central point the fish is two years old ; if two rings, three years 
old, and so on. Experiments have shown that the number of 
rings regularly increases with the age. J 

The Fat of Fish.— It is mainly to the presence of oertaia 
constituents in the fat that the characteristic davour of different 
kinds of fish is due. In some hsh the liver is the chief source of 
the fat, as, for instance, in the case of the cod and shark, while the 
rest of the body contains only a small proportion. In other fish 
the oil is distributed throughout the body, and ia not specially 
abundant in the liver. 

The fat is of an oily nature, and aa a rule contains a smaller 
proportion of the compounds of the solid fatty acids than docs the 
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fat of land animals.* It is mainly composed of glycerides of 
various un8aturBt«d acids. The liver-oila usually contain certain 
bile products, which give rise to characteristic colour reactions with 
acids and alkalies. A considerable proportion of unsapoui liable 
matter, principally choleaterin, is also a usual constituent. 

■With the exception of cod-liver oil, the fish fats have been but 
little studied, and our knowledge of their phj-aical and chemical 
characteristics is therefore limited. 

Hehner and Mitchell t have found that from murine animal oils 
— cod-liver, cod, shark, whale — compounds can be obtained which 
have many similarities with those prepared in the same way from 
linseed oil, though they have not the same drying capacity. 

For a full description of the nature of cod-liver oil and the 
methods of detecting ita adulteration, reference must be made to 
works dealing specially with the examination of fats and oils. 

The previous table (page 66) gives some of the constants which 
have been obtained with fata of this class. 

THE FLESH OF INVERTEBRATE ANIMALS. 

The flesh of invertebrate animals does not present any marked 
difference in structure to that of other animals. In chemical com- 
position it differs, as a rule, from tbat of vertebrate animals in con- 
taining more water, nitrogen-free extractives and ash, and less fat. 

According to Bolland, the acidity of Crustacea, calculated on the 
original substance, varies from 0038 to 0*258 per cent 

Kdnig t gives the following percentage composition of some of 
the members of this group : — 
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allowing representative analyses are taken from A. 1 
table*:— ] 
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A. Chatin aiid A. Munta t liave determined the amount of phos- 
phorus in different varieties of oysters. In 100 parts of the drj . 
fleali they fouud 1'836 parts in French oysters, and 2'082 parts in 
PortuguCBC ojstera. A Portuguese oyster of medium size con- 
tained 0'032 gramme, and a similar French oyster 0"02 gramme 
of phosphorus, which was present in eomhiuation with oi^oaic 
suhetances. Iron was also present. 

Green Oysters.— From the recent researches of Boyce and 
Herdman J there appear to be several kinds of greenness in 
oysters. In some varieties, such as the Marennes oysters and 
those from rivers on the EsseT coast, the green colour is a normal 
and healthy condition, and is to he attributed to the presence of a 
pigment termed ' marennin ' and not to an excess of copper. This 
confinus Bay Lankestcr's conclusions, who fouud that the copper 
in green Marennes oysters was not greater than that nonoalljr 
present in the hccmocyanin of the blood of colourless oy&t«ra. 
The average amount of copper found by Eohn in his analysee for 
Herdman and Boyce in different varieties (including those of 
Marennes) waa 0-006 grain. 

latter proportion of copper than this normal quantity. In certain 
American kinds, and in oysters from Falmouth, Herdman and 
Boyce found patches of green on the mantle and in the heart, 

• OampU, Bmrf., 1898, ouvi, p. 1728. 

t Qmpl. &md.. 1895. p. 1085. 

J Ptoc. Soy. Soe., 1BD7, Ixij, p. 80, lud 18D9, liiv. p. 23S. 
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which were derived from aD excess of copper in the blood leuco- 
cyt«s. This they attributed to a diseased condition of the blood 
which they term 'green leucocytis.' The quantity of copper in 
the green leucocytes varied considerably, some giving a marked 
brown coloration with potassium ferrocyaaide, while others gave 
only a faint reaction. Occasionally iron was also found. In the 
case of the Falmouth oysters, part of the excess of copper was 
mechanically attached to the body, probably as basic carbonate. 
Attempts to produce the greenness artificially by feeding oysters 
with dilute solutions of copper or iron salte were unsucceasfiU. 



CHAPTER IV. 

THE EXAMUTATIOH OF FLESH. 

Thb al>so]utc value of flesh aa food, apart from tbe relative value 
which deitcudij on the nature of the animal from which it was 
Uikeii or iu pmitiou in the animal, is largely based (1) on it« 
phyHJuil uxtertial characteristics, such as colour, consisteacj, etc ; 
(2) on the proportion of fat ; and (3) on its taste and odour. 

COLOUR. 

The normal colour of sound flesh varies with its origin, ranging 
from white, its in the case of many fish, to dark purple-red, as in 
liorwe flesh. The colour being largely dependent on the amount of 
hrcnio^'lobin in the flesh, an approximate ratio may ofteu be 
olwervod between the colour and the amount of iron (chiefly 
derived from the htemoglobhi) in the ash, left on calcining the 
flcHh. 

Abnormal Colorations of Flesh. 

Afelanoni^. — Morot* describes a case in which the flesh of a 
calf three niuntliH old was found to contain numberless small 
black specks distributed throughout the body. Sometimes this is 
only local, and not, as in this iiisiar.ce, general. The black pig- 
ment is probably a derivative of htemoglobin. In Uermany such 
lleah ia sold at u low price by the Freibaiik (p. 215). 

ir/(t/t' /Vtv/i. — This is found normally in certain full-grown 
foreign animals. Occasionally it may happen that the flesh 
i>( a cow or oi does not acquire the usual amount of hiemo- 
globin and has the appearance of veal. Faucon f records a case of 
the kind in which the muscular tissue of a cow four years old had 
nil the appearance of a calf's flesh, ditfering only in the larger size 
of the muscular fibres and in its greater dryness. White flesh is 

* Seit. Flfurh ». mUh Hya., 1898, p. 601. 
t Jbid., 18U8, )/. 31. 
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found in certain diaeeaee, auch as the aniemia of dtnpsj, and is 
probably caused by au insufficient oxidation of the blood. 

Telloto Colour. — This is Bometimee produced by the food given 
to the animal. Id diBeaee it b due to biliary compounds being 
absorbed and retained by the flesh. 

Brown Flesh {' Satttoke'). — An instance of this is described by 
Goltz, in which Seah had a brown coloration due to the presence 
of grauules of a yellowish-brown pigment between the fibres. 

Dark Purple. — This may indicate that an animal has suffered 
from acute fever, and it is met with in animals that have died of 
rinderpest or tuberculosis. It may also be due to the animal 
having died a natural death, so that the blood has been retained 
in the body, or to insufficient bleeding after death, duo to weak 
action of the heart. 

Dark Reddish-Brown. — This is due to imperfect oxidation of the 
blood. It is observed in the case of animals which have been 
drowned or suffocated in smoke (COj poisoning). There is also 
often considerable discoloration in the flesh of animate which have 
been hunted or over-driven. 

Scarlet, — Tliis is but seldom met with. It indicates carbon 
monoxide poisoning, and is sometimes a result of arsenic poisoning 
(Walley). 

Diffused Bednees. — This is due to the diffusion of heemt^lobin, 
and is often seen in meat which has been frozen. It is alao found 
in cases of blood-poisoning. 

Irideicence- — This is a normal characteristic of horse flesh. In 
other animals it occurs as the result of certain diseases of the 
blood. 

Qreen or Videt Hue. — This may be due to the commencement 
of putrefaction, or to the difiiision of vegetable colouring matter 
through the membrane of the stomach after death (Walley). 
(See dso Green Oysters, p. 68.) 

Ocdorations doe to the Direct Action of Bacteria. 
These are referred to under the heading of 'Cbromogenic 
Bacteria on Flesh,' p. 270. 

Artifldal Goloratioii of Flesh. 

Kellermann* has recently detected sa&ron in a sample of 

so-called smoked pork. The connective tissue was very yellow, 

while the muscle had the colour of ordinary flesh. It had not 

the usual smell of smoked flesh. On treatment with alcohol an 

* ZtH.f. Dntertuch. Nahr. Qenuum., 1S9S, p. 217. 
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intensely yellow solution was obtained, which, on evaporation, 
left a residue giving a violet ooloration with sulphuric acid. 

An accoimt of the various subatances used to colour sausages 
and meat preparations, and the means of detecting them, is given 
iu a subsequent chapter.* 

The ' Flesh Juice ' (' Roselmo ') of Adamczyk, Berlin, consists of 
red camiine lake in anirooniacal water. 



UNSOUND FLESH. 

In this country the inspectors condemn the flesh of anunala 
which have died from natural causes, or as the result of an accident^ 
as well as of those which have suffered from certain diseases, such 
as pleuro- pneumonia, puerperal fever, eto. Meat which is tainted 
with chemical substances, such as phenol, or iu a state of putre- 
faction, or infected with animal parasites, suoh aa liver flukes or 
hydatids, is also obviously rejected. 

To disting\ueh the meat of diseased animals cannot, as yet, be 
done with any certainty by chemical methods, and it requires 
considerable practice to form a correct judgment of the character 
of flesh by its appearance. The baeteriologiual methods of examina- 
tion are described in Chap. XIII. 

Oeneral Characteristice of Sound Flesh. — According to 
Letheby,t sound fresh meat has the following general charac- 
teristics : — 1. The colour is neither eery pale nor dark purple. 
2. It has a marbled appearance, due to the presence of smalt veins 
of fat distTibut«d throughout the muscle. 3. It is firm and 
elastic to the touch, and not sodden or flabby, and scarcely 
moistens the finger. 4, It ia free from objectionable odour. 
6. It does not become wet on standing for a day or so, but, on 
the contrary, gets drier. 6. It does not lose more than 70 to 74 
per cent, in weight when dried at 100° C, whereas bad meat 
often loses more than 80 per cent. 1. It does not shrink much 
in cooking. 

Chemical Testa for ITnfioimd Flesh. 

Apart from alterations in the appearance of the parts locally 
aflected with the disease, it is probable that chemical alterations 
also occur in the flesh through the products of the bacterial 
action permeating the muscular tissue of the living animal. So 
far the only attempt to differentiate diseased from healthy flesh 
• Cf. p. 1*2. + On Food,, p. 210. 
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on theee lines is that of Profeseor Eber, who was etill working on 
the subject at the time of his death.* 

His test is based on the fact that in the case of diseased 
animals, especially those suffering from tuberculoeiB, there is 
often a conaiderahle increase in the amount of readily decompos- 
able sulphur oompounds in the fleeh, which can be approsi- 
matelj measured by noting the relative amount of hydrogen 
sulphide (or mercaptans) eroWed on treating the flesh with dilute 
acid. 

Although hydrogen sulphide is often one of the products of 
putrefactive decomposition, ite presence does not necessarily 
denote putrefaction. Thus traces of it are normally present in 
the free state in all old Sesh, of which the reaction is still 
acid, and considerable quantities are evolved during the 'heating' 
{'verhittein'} of game.t That the volatile sulphur products of 
pathogenic bacteria may be rapidly diffused throughout the body 
is shown by the fact that the oaroassea of pigs killed on account of 
swine erysipelas turn green after the lapse of a very short time 
(thirty minutee), and emit an unpleasant odour; and, as the 
fleeh still has an acid reaction, putrefaction is here out of the 
question. 

The muscles, kidneys, and lymph-glands of healthy recently- 
killed animals evolve hydrc^en sulphide when heated in a test- 
tube on the water-bath, the gas being probably derived from the 
decompositioa of proteid matter; but Eber could not notice any 
difference in the quantities thus yielded by healthy compared with 
diseased flesh. 

The more limited decomposition brought about by the action 
of dilute sulphuric acid gave more promising results, which Eber 
was intending to confirm and extend. 

Eber'8 Hydrogen Sulphide Test.^ — From 10 to 25 grammes 
of the finely divided substance are mixed with 60 grammes of 
dilute sulphuric acid, (1 : 10) in an Ericnmeyer fiosk, in the neck 
of which is fixed, by means of a loose plug of cotton-wool, a strip 
of filter-paper previously soaked in a 10 per cent, solution of lead 
nitrate, ^e flask is kept in the dark for twenty-four hours in a 
spot to which there is free access of air, without a draught, at a 
temperature which may vary from 12* to 18* C, without influ- 
encing the results. At the end of the time the strip is gummed 
in a book, and after the lapse of thirty minutes compared with a 
standard scale of strips. 

■ W. Eb«r, born 1863, ditd June 1S9S. 

+ (y. p. 82. 

t Zdt. FkitA H. Mikh Hyg., 1897, vfi pp. 207-211, 227-231 ; tud vuL 
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The colour of tlie strip will vary from faint brown (rarely 
yellow) to block, tlie lower part being the moat iuteuse. 

The colour scale,* of wbich the relative sbadea are Bhown in 
the froiitiapicce, is an arbitrary one, and the absolute value of 
eacli colour was not definitely determined by Eber. Preliminary 
exporimeata, with a aolutiou of potassium sulphide yielding an 
accurately determined amount of hydrogen sulphide, iudicatM 
that the lowest colour in the scale No. 1 corresponded to O'OOS 
milligramme of hydrogen sulphide, while No. 8 (black) was fiiat 
attaiued with O'Ol milligramme. 

By this method Eber found that the mean results obtained 
with tbo fleab of difierent kinds of animals were, as a rule, some- 
what higher in oiaea of tuberculosis (viz., 4'6 as against S'fl), 
whilst the tests with tlie ileo-lumbar glands often showed a con- 
siderable difference, as is seen in the following figures : — 



i. Healthy, . . 130 samples. 100 negatiT 
ii. Local tuberculosis, H „ S „ 

iii. General tuberculosis, 36 „ 3 „ 



1 0-2 



The results ^ven by the kidneys were invariably high (6 to 7), 
and no difiereoce could he found between those of benlthy and of 
diseased animals. 

As these figures were obtained without the precaution of exclud- 
ing light, which, as was subsequently found, tends to lower the 
value, it was Eber's intention to repeat the tests. 

M-Uch more work is required on the subject before this test can 
be regarded as having passed the experimental stage, but it indi- 
cates a staiting-point for fresh departures, and has possible appli- 
cations in other directions. Thus it may be found to serve as a 
measure of the kaut go&t of game,t and may bo employed to eluci- 
date the progress of the changes which occur in the putrefaction 
of flesh. 

The Ftotnainee formed during Putrefaction. — The methods 
of isolating the basic alkaloidal products formed during the 
decomposition of flesh by saprophytic bacteria, and the ctkarac- 
terislics of individual ptomaines, are described in Cbap. XIV., 
p. 298. 

The Beaction towards Lltmns Paper. — A slice is cut from the 
meat and pressed against a piece of moistened litmus paper. 
After ti'u miuutcs the paper is removed and compared, on a 

* Tbs orieinnl aolour scale may be ottained from B. Scltuti:, Luiuuitruaa 
88. Birrlin. H.W. 

t (y. p. aa. 
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white surface, vitb a. piece of the original litmus paper similarly 
moistened. 

As a general rule, flesh becomes acid soon after death, and con- 
tinuee bo until sufficient ammonia is produced during tlie progreBs 
of putrefaction to reuder it alkaline.* 

According to Augst,! in cases of acute pneumonia, or other 
diseaaeB causing shortness of breath, the flesh only assumes the 
normal acid reaction some twenty-four hours after death, and is 
alkaliao until then. 

Hartenstein I records a similar phenomenon in the case of 
a cow which had been killed after suffering for five days 
from colic The Sesh had a marked alkaline reaction four hours 
after death, and it was not until the next day that it became 
acid. 

Occasionally the result of the litmus test is a colour inter- 
mediate between the red and blue. This 'amphoteric ' reaction 
occurs most frequently in the muscles of animals which have not 
been cut up, such as birds and fish. 

The alkaline reaction is also obtained with certain organs of 
the body in a fresh condition, as, for example, the spleen. Pickled 
flesh and smoked ham are also, as a rule, strongly alkaline. 

Xber'B Test for PutrefactioD. — To detect incipient putrefaction, 
£ber§ recommended the use of a reagent, composed of hydro- 
chloric acid, 1 part ; alcohol, 3 parte ; and ether, I part. A glass 
rod is moistened with this and brought near the meat, from which, 
if putrefaction has commenced, fumes of ammonium chloride are 
often produced. In order to avoid the chance of error, due to the 
fuming of the hydrochloric acid itself a few c.c. of the reagent are 
introduced into a stoppered cylinder, which is shaken so as to 
moisten its sides, and a fragment of the meat introduced on the 
end of a wira 

The intensity of the cloud of ammonium chloride is not pro- 
portional to the odour of the flesh, for in some instances putrefao- 
tion may proceed without the evolution of malodorous substances, 
and in others these may only become evident on boiling the flesh. 
This is noticeable in the case of salt fish, in which there may 
possibly be a combination between the volatile bad-smellmg com- 
pounds and the salt. 

Sometimes Eber's reagent gives negative results when putre- 
faction has commenced, owing to the formation of acid substances, 
instead of or in excess of the ammonia. This is especially the 
case with liver and with game. 

* (y.V. IB. t Deutteh. TitrHrtt. Weehtntek., 1SS7, p. S7. 

} Znt. FMkA v. MiUK Hyg., 1898. u. 68. 

I Arch. WiiM»tch.u.pTak. Thitrhciik., 1898, xviii., and lS9i,iiz.p. 81. 
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EJjer classified the results of this test 



following 
1. No cloud of NH^CI (absence of ordinary (alkaline) putrefaction). 



Jteartion of\ . '. . - (a) with bad odour, 

n. Cloud (Putrefaction proper). 



without HjS. 



rfAcid, 



}!°l 



with bad odour, 
ithout „ f i. with H,S. 



without H^. 
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TREATMENT OF MEAT WITH ANTISEPTICS. 

It is no uncommon practice for butchers to treat meat which 
has been kept too long with various chemical solutions iu order to 
retard or disguise the commencement of decomposition. 

Of these reagents the least objectiouable is a dilute solution of 
pOtftBsium permanganate, which removes the odour from meftt 
slightly tainted on the surface, but is incapable of disguising deep- 
seated decomposition. 

Many of the preservative Bolutions contain calcium or sodmm 
Bulphitea or bisulphites as a. chief constituent. The salts of Bid- 
phurous acid have not only an antiseptic action, but poesees the 
property of restoring the colour of Besh wliicb has become brown 
or grey through exposure to the air. 

The action of BUlphnrous acid on the meal fibres, and the 
methods of detecting it, are referred to on p. 121, 

Borax and boric acid are also frequently used for this purpose. 
L. Baillet * records the results of experiments in which joints of 
mutton were steeped for a month iu a solution of borai. The 
meat had nearly its normal red aspect, but the borax bad pene- 
trated a long way into the flesh, and could readily be detected by 
turmeric paper (see also p. 1 19), 

According to de Cyon of St Petersburg, meat treated with a solu- 
tion of boric acid adjuires a disagreeable appearance and flavour. 

The use of ealicylic acid or formaldehyde, which are said to be 
employed for 'doctoring' meat, cannot be very general on account 
of their other effects (pp. 122-123). 

As meat which has thus been treated is often in a state of 
arrested decomposition, the following tests will often bo service- 
able in detecting the fraud. 

* TraiUiUrimptaion liet Viandis, p. G23. 
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1. Oaneml appeEiraiice and physical cHaracteriBtica, such as 

excess of moisture and want of firmness ; meat which has 
been kept too long readily tears, and does not cut evenly. 

2. The appearanoe and acid value of the fat {cf. p. 95). 

3. The reaction of the meat-juice towards litmus and turmeric 

paper (p. 74). 

4. The microscopioal appearance of the fibres (p. 117). 

5. The chemical identification of definite preservatives (pp. 118- 
124). 

'BLOWN' MEAT. 

With the otijeot of imparting a better appearance, meat is some- 
times ' blown ' by butchers. This process consists in inflating the 
looee cellular tissue bj means of beUows, or usually with the breath 
through a blow-pipe, and then blowing melted fat over the parts. 

In Germany this disgusting practice is common in the case of 
calves and sheep, but is less frequently met with in beef.* In 
this country, according to U. Andrews, veal and lamb are occasion- 
ally 'blown.' 

The blown-out ptirts appear larger, and have a shiny surface, 
while the muscle feels spongy and crackles under the pressure of 
the finger. Small air-bubbles may frequently be observed within 
the tissue. Lungs which have thus been ' blown ' have rounded 
edges, and contain isolated air-bubbles. 

CONSISTENCY OF FLESH. 

The oonsiatency of meat is a valuable criterion of its soundness. 
Good meat is firm to the touch, while unsound flesh is frequently 
flabby and exudes moisture. Coarse-grained meat, which cannot 
be cut evenly and regularly, is inferior to fine-grained. 

The nature of ' grain ' depends (1) On the age of the animal, 
the fibres being finer in the case of young animals ; (2) On the 
race of animals and nature of their feeding ; and (3) On the sex of 
the animal — the cow, for example, having flesh of finer fibre than 
the bull. 

DetenninatioB of the Degree of Toughnefls. — Lehmann f has 
devised an ingenious apparatus for determining the degree of tough- 
□ees of difTerent food products. This consists of a balance with 
arms of different lengths, the shorter being constructed on tbe 
principle of a pair of scissors with one of the blades fixed. Tbe 
weights are placed in the pan of the longer arm, and the force 
required to cut through a layer of the substance I cm. thick is 
expressed in grammes. 

* FuAoedtr. t ZtO. FUUk u. MUA Syg., 180S, TiiL pp. 82-39. 
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With thia apparatua Lehmani) found, that the Hkin muscle of 
beef is two and a half timea as tough as the fillet, owing to the 
greater proportion of the white (collagenous) fibres of connective 
tissue in the former, and nf elastic fibres in the latter. Colla- 
geuous fibres (sinews) required 1040 grammea, whilst elastic tieaue 
required only 580 grammes For complete division. 

Hence, flesh which contains much oollagenoua tisane becomes 
more tender on boihng, whereas that containing but little remains 
practically the same, For instance : — 

Saw, Boiled. 

grummes. grBmmei. 
Fillet of beef, .... 834 84-0 

Skin muscle of beet {Haulmugkel), 236-4 88'8 

The following values were also obtained with difl'eront parta of the 
body in the raw and cooked state ; — 

Raw, Boiled, 

grain mes. giammes. 

Heart, lOi 88 

Tongue (Hjogloasus), ... ... 64 

IJver, ox 42 8 

„ calf, 35 6-6 

Sidneys, 40 24 

Brain 70 24 

It is interesting to note that game, on hanging, loses in a few 
days 25 per cent, of its toughness. 

THE ODOTJB OF FLESH. 
Thia is host observed on boiling fragments of the flesh with 
water, and in some cases by mixing the flesh with dilute aulphurio 
acid, distilling about a fourth part of the liquid, and noting the 
BLoell of the distillate. It may be ; — 

(L) The normal odour charactcriatic of each kind of animal 

(iL) The cliaracteristic odour intenaiflcd to a very unpleasant 

extent, in the case of the flesh of uncastrated mala 

animals. This ia more marked witli the flesh of the 

he-goat and boar than with that of the ram and bull. 

(iii.) An abnormal odour, due to the substances (fiah, for 

example) eaten by the animal, 
(iv.) An odour diie to chemical alteration or decomposition, as, 
for inatance, that of the voLitile products formed during 
the ' heating ' of game, or the putrefaction of flesh. 
(v.) An odour of foreign subatanceB— phenol, chloride of 
lime, etc. 
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ANALYTICAL METHODS. 

Determination of Water. — From 5 to 10 grammeB of the finely 
divided flesh are dried in an air bath maintained at 105°-110° C. 
until the weight is constant. 

If the aubetance is readily ozidizable it must be dried in vacuo, 
or approximate reaulte may be rapidly obtained by the following 
method, uaed by C. Parsons* for sensitJTe organic bodies, in which 
the action of atmoepheric oxygen is escluded during the drying : — 
A neutral mineral oil with a high flash test and boiling point is 
heated at li50* F. until its weight becomes constant. A basin con- 
taining some of the oil ia weighed, heated at 240* F, for some 
minutes, a few thin pieces of the meat (previously weighed) added, 
and the heating continued until all efl'ervescence ceases. The toss 
in weight of the basin containii^ the oil and the meat gives the 
amount of water expelled. 

Abnormal Moieture. — Walley t gives a summary of the various 
causes leading to an excess of water in flesh. These are (1) Albu- 
minous efiusion, as in ' turnip braiy ' in sheep {cf. p. 53), due to 
en^mio action in the cells of the living animal; (2) Effusion of 
§enun or hydremia, aa in the ' water-braxy ' of sheep. This is 
also found in diseases with inflammatory symptoms, such as 
erydpelas, and may originate from irritation set up by parasites 
(cysticerci). Efiusion of serum occurs in meat which has been 
thawed after freezing. (3) Lymph effusion, either local or 
difiused, arising from inflammation or other disease. (4) EfTusion 
of blood, either local or general, caused by violence or disease. 
(5) Efiiision of urine, which is necessarily local. 

Betermination of Hlneral Hatter (Ash). — The residue left from 
the determination of water is ignited in a covered platinum dish, 
preferably in a mufQe-fumace. 

Iron, Calcium, and Magneeium. — The ash is dissolved in dilute 
hydrochloric acid, and the iron precipitated with ammonium 
acetate, the calcium with ammonium oxalate, and the magnesium 
with sodium phosphate. 

Sodium and Potastium. — Warden and Bose I determine these 
metals in the following manner : — The soluble ash is dissolved in 
water, barium chloride, ammonium chloride, and ammonia added, 
and the liquid heated and 61tered. The flltrate is mixed with 
ammonium carbonate and ammonium oxalate, heated and filtered. 
The filtrate and washings are evaporated to dryness, the ammonium ' 
aaltB removed by gentle ignition, water added to the residue, and 
the insoluble matter filterod ofi*. The filtrate b mixed with a few 
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drops of bydroohlorio acid, and evaporated to drjrneas with an 
excess of platinum chloride. The residue of double chlorides thus 
obtained is treated with alcohol in the usual manner, but the 
iuHolubte potas&ium compound, instead of being weighed, is 
ignited at a low temperature, the residue exhausted witli boiling 
water, and the resulting solution of potassium chloride titrated 
witli standard silver nitrate. The alcoholic Bolution coutaining the 
excess of platinum chloride and the platinum sodium chloride is 
eva]>orated to dryness in a platinum basin, sufhcient ammonium 
chloride Bolution added to combine with all the platinum, the 
mixture evaporated to dryness, and the residue cautiously ignited. 
The final residue is extracted with hot water, and this solution 
also titrated with silver nitrate. From the results of the two 
titrations the respective amounts of potassium and sodium are 
calculated. 

Estimation of Snlpbur. — The 6nely divided Sesh is placed in a 
large silver or nickel dish, and covered with about twice ita weight 
of sodium carbonate, on which is laid a piece of sodium hydroxide 
about half the weight of the carbonate. The dish is mov«i slowly 
over a small flame until all evolution of gas has ceased, and a half 
fused mass is obtiuned. Finely powdered sodium peroxide is then 
dtiated over in successive small quantities until the carbon has 
been completely burned away. When cold the mass is treated 
with water, the solution filtered, hydrochloric acid containing 
bromine added, and the liquid boiled until free from odour. The 
Bidphate ib then precipitated with barium chloride in the usual 



Estimation of Chlorine.— A weighed qiuintity of the flesh is 
calcined witli calcium nitrate, the residue dissolved in hot dilute 
nitric acid, and the chlorine determined cither gmvimetric&lly or 
volumctrieally. 

Estimation of Phosphoric Add, — J. Katz t lays stress on the 
importance of determining the amount of this constituent. He 
states that the phosphoric acid which can be extracted from the 
flesh with water belongs to the phosphates, whilst that obttuned 
from substances soluble in alcohol is a constituent of the lecithin. 
The substances insoluble in both solvents contain the phosphorus 
of the nucleiufl (see p. 21). 

Estimation of the Total If iti-ogea — The total nitrogen may be 
determined either by combustion with soda-lime, or, more readily, 
by modifications of Kjeldahl's process. 

In ordinary cases correct results are obtained by the Gunning 

* A. von Asboth, Chan. Zett., 1995, xx. p. SOlO ; C. Glaur, Jomii. Anur, 
Chttn. Soc, ISeS, XX. p. ISO. 
t Arthit. gtt. Phj/t., liiii. p. 1. 
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modification, in which the substance is oxidized with boiling sul- 
phuric acid, to which potassium bisulphate and a drop of metallic 
mercury are added after frothing has ceased. 

When, however, nitrates are present in auj quantity, as in the 
case of meat which has been pickled in a solution containing nitre, 
lodlbauer'a modification should be employed. In this 3 grammes 
of salicylic acid (or phenol) are previously dissolved in the sul- 
phuric acid, and 1 or 2 grammes of zinc dust and a little mercury 
introduced into the flask before the heat is applied. 

Dyer* recommends the rapid introduction of the oxidizing 
agents, in order to avoid loss through the formation of lower 
oxides of nitrogen. 

Riviere and Bailhache t made experiments with various sub- 
stances with the object of shortening the time required for tho 
oxidation. They found sodium pyrophosphate, prepared by 
calcining the ordinary phosphate, the most suitable substance 
for raising the temperature of the sulphuric acid and accelerating 
its action. At the same time a much smaller quantity (2 grammes) 
was required than in the case of potassium bisulphate. The com- 
parative table published in the original paper shows that this 
modification gives accurate results with horn, dried blood, and 
flesh. 

The Soluble Extract and Beaidual Mnsciilar Fibre. — Konig 
adopts the following method of determining the soluble substances 
in flesh : — About 60 grammes of the flesh, freed as completely as 
possible from fat, are repeatedly extracted with cold water, the 
united extracts filtered, the filtrate made up to definite volume, 
and aliquot portions taken for the subjoined estimations : — 

(i.) Total Soluble Matter. — An aliquot portion is evaporated 
in a platinum basin and dried at 100°-105° C. 
(ii.) AbK — The residue left on evaporation of the water is 
ignited in a covered platinum basin and weighed. 
About 94 per cent, of the total minend matter in the 
flesh goes into solution. 
(iiL) Total Soluble Nitrogen. — An aliquot portion is evaporated 
ia a tinfoil basin, the residue (with the tin-foil) intro- 
duced into a Kjetdahl flask, and the nitrogen determined 
in the usual way. 
(iv.) Soluhie AllMmin. — An aliquot portion is boiled, the 
coagulated albumin filtered ofT, and the amount of 
nitrogen remaining in the filtrate determined and de- 
ducted from the total nitrogen. The difference, multi- 
plied by 6'3, gives the quantity of albumin. 
* AiuUyMt, ISPG, p. 242. 
i BiUt. Sac ChiiTt., ISSS, xrL pp. 80S-S1I ; Analytt, 1390, p. 387. 
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Collagene. — On treattog flesh witb boiling water instead of 
cold, or nt 40° C, no &lbumia is dissolved, but gelatin derived 
from the eonnectiTe tissue passes into solution. A weighed 
quantity of the flesh is first extracted with cold water, as above, 
and then with boiling water, which dissolves the collagene, leaving 
bubind the fat and fibre. The amount of collagene is determined 
by evaporating an aliquot part of the hot wat«r extract and drying 
the residue at lOO'-lOS*. 

Mutmlar Fibre. — ^The residue left from the succeeave cold and 
hot water extractions is collected on counterpoised filler-papen, 
washed with hot water, then with warm alcohol, to remove 
the water, and finally extracted with ether, which removes nearly 
all the fet. It is then dried at 105°-110° C. and weighed. 

The amount of the constituents of flesh soluble in wnter varies 
between 4 and 8 per cent, the mean, including albumin and 
gelatin, being from 6 to 65 per cent. 

Sabetsnces Soluble in Alconoi — The amount of these is deter- 
mined in the same manner as the aqueous extract. According to 
Ki>uig they consist of flesh bases, nun-nitrogenous extractives and 
salts, and vary in quantity from 1 '5 to 3 per cent., the mean b^g 
ftbout 2 per cent. The strength of the alcohol used is 80-90 per 

Mature of the Soluble Kitn^enous Sabstances.— Salkowski* 
treats the flesh with water at a ti?mperature not exceeding 30° C, 
iu order to prevent as completely as possible the gelatin dis- 
solving. He finds that under theie circumstances 226 per cent, 
of the total nitrogen of the flesh is dissolved, the solution con- 
taioing coagulable albtimin, albumoses, peptones, the flesh \ 
and Siegfried's carno-pbosphoric acid. 

Determination of Fhospho-Camic Addf — After precipi 
the phosphoric acid fnim the extract by means of calcium d 
and ammonium hydroxide, the camo-pbosphorio add is precipi 
with ferric chloride. The precipitate, which also contains eonw 
ferric hydroxide, is dried, and the nitrogen it contuns deter^ 
mioed by Ejeldahl's process. The quantity of nitrogen multiplied 
by 6'124 gives the camo-phosphoric acid. 

Determiiuition of the Amide Nitrogea — Of the numerous 
methods which have been proposed for the estimation of amide 
nitrogen in the presence of proteids, J. W. Mallet X has found 
precipitation of the protaids, with phoephotungstic acid supple- . 
ment«d iu some case« by precipitation with taunin, to give th« 
most satisfactory results. 

* FoTtdnmat BeriePUt, 1S97, p. 31. 

t B<lko tod Ide, Zeil. PhyiM., ISM. n. S30. 

* EaU. CI, O.S.A. D^arlwmt »f Agnadturt, aUt. AntUi/it, 1G»9, p. 33S. 
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For the analyaia of raw or cooked meat he triturates a weighed 
quantity with sharp-edged saud (previously ignited) or with bard 
glass, so as to thoroughly subdivide the tissue. Two. aliquot 
parts of this pulp are taken, of which one is used for the deter- 
mination of the total nitrogen. The other is digested with cold 
water (to avoid formation of gelatin) so long as soluble luatter 
is removed to any extent. By this treatment kreatinine and sar- 
cosine are readily dissolved ; treatine fairly readily ; but xanthine, 
hypoxanthine (1 :300) aad camine (1 :3VZ) are less soluble. 

The filtrate is rendered slightly acid with acetic acid, heated 
to about 99° C, and filtered from any precipitate. 

An acidified solution of phosphotungstic acid ia added to this 
filtrate so long as a precipitate results, any large cscess being 
avoided. A little powdered glass or sand is then added, the 
contents of the beaker heated to about 90° C, and filtered, and 
the precipitate washed with water, also at about 90° C 

Assuming that only proteid and amide nitrogen are now present, 
the former is determined by Kjeldahl's method in the precipitates 
and deducted from the total nitrogen previously determined. 

When peptones are present they are incompletely precipitated 
by phoephotungstic acid, and the Bolntion should therefore be 
treated with tannic acid (5 to 10 per cent, solution) and filtered 
before the addition of the phoephotungstic acid, the nitrogen of 
the precipitate being estimated and added to the proteid nitrt^n. 
As factors for the conversion of the nitrogen found in the 
proximate constituents. Mallet prefers the following : — 

For proteida and allied aubatances, multiply the nitrogen by 

6-26. 
For flesh bases and simpler amides of animal origin, 

multiply by 3-05. 
For simple amides and amido acids of vegetable origin, 

multiply by 516, 
For mixed amido-constituents of unabsorbed solid residues iu 
digestion esperimenta, multiply by 9'46. 
The solution of phoephotungstic acid used is a 5 to 10 per cent. 
solution in 2'6 per cent, hydrochloric acid. 

Estimatioil of the Fat. — After removing all visible fat from 
flesh, the muscular tissue atill contains a considerable proportion, 
which it ia not easy to extract completely. 

Dormayer * shows that even after extracting dried and powdered 

flesh for five months with ether, fat is still retained by the tissue. 

He recommends digesting the flesh with an acid solution of pepsin, 

and extracting the fat with ether from the solution thua obtained. 

■ VUri^jaXTtdi. f. Ifatir, u. Otnuttm., IS&S, p. 82S, 
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0. Franhe* eteepa 20 grammes of the finely -divided flesh in | 
100 c.c. of 96 per cent, alcohol for twenty-four hours, with frequent | 
stirring. The alcohol ia then draiued off, and the treatment j 
repeated twice or thrice with the same quantity of absolnte I 
alcohol, and then twice with ether. The residue, freed from ether \ 
on the water-batli, is finely powdered and ertracted for twenty- 
four hours, firat with ether, and then with petroleum spirit A 
(b. p, 60* C). ' 

E. Voil t gives a aiiupler method, 100 grammes of the finely- 
divided ilcsli arc mixed with suHicient alcohol to form a pasty I 
umsa, which is dried, with frequent stirring, on the water-bath, in i 
which the water ia kept below 80' C. About fifteen hoiira are 1 
required for this. The dried substance \* then powdered and I 
parsed through a sieve, with a mesh of 0'4 mm. Four grammea I 
of the flesh thus prepared are dried at 70° C. for twelve hours I 
and extracted with ether for twenty-four hours in a Soxfalet | 
uppiinitiia. The crude fut is dissolved in petroleum spirit, the I 
solution filtered and evaporated, and the residue weighed, 

The fiesh after extraction, tested by Dormayor's digestion 
method, still contains from 0'59 to 1-7 per cent, of fat, but Voit 
aflinns that the fat obtained by continuing the digestion for 
longer than twenty-four hours ia much less ptire, and that ths 
fiual product of Dormayor's method is also veiy impure. 

A rapid process has recently been described by Liebermann anti 
fe/ie?y.J Five grammes of the minced flesh are boiled for thirty 
minutes with 30 c.c. of a 50 per cent, solution of potas^um 
hydroxide (sp. gr. 1 '64) in a fliuak of the following description ; — 
ITie body is 7"6 cm. in diameter and 6'B cm. deeji, and has a flat 
bottom. The neck ia 19-5 cm, long and 3'5 cm. in diameter 
tliroiighout its length. When filled to about the middle of 
the neck the flaak holds about 290 c.c, and lias a mark at 
240 C.C, 

After the Iwiling the contents of the flask are cooled, mixed 
with 30 o.c, of 90 to 94 per cent, alcohol, and again heated for 
about ton minutes. ^\*heu cold, 100 o-c. of 20 per cent, sulphuric 
acid (sp. gr. 1'145) are cautiously addod, with constant shaking 
and continual cooling, in order to avoid a ijoasibk- loss of volatile 
fatty acids. The liquid, which finally contains an excess of about 
4'4 grammea of sulphuric acid, ia mixed with 50 c.c, of petroleum 
spirit (ap. gr. 0(5 to 07 and boiling-point about 60' C), and the 
flask closed with a rubber cork, and shaken about thirty times 
at intervals of one or two minutes. A saturated solution of 
sodium chloride is then added, so that the flask is filled to niiout 
• Zea.f. BioL.jeiJ. pp. 64B-55). t ZtU./. MiL. 1897. pp, 656-S82. 
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the middle of tlie neck, whilst the aqueoua layer below the petro- 
leum spirit stands at the mark (240 co.). 

After again being shaken once or twice the closed Qask is 
placed in a Teasel of water and allowed to stand at not t«o high 
a tempterature. As soon as the petroleum layer (which now con- 
tains the entire fatty acids iu solution) has separated, 30 c.c are 
pipetted off into a wide-necked flask of about 150 c.c. capacity, 
mixed with about 40 cc. of neutral 96 per cent, alcohol, and 
titrated with decinomial alcoholic potaauium hydroxide. The 
titrated liquid is then transferred ta a weiglied glass basin, holding 
about SO c.c, and provided with a groimd glass cover, iu which it 
is cautiously evaporated to dryness on the water-bath at a low 
temperature, and finally dried for an hour at 100° C, and weighed. 

In order to calculate the amount of fat, the potassium in the 
soap must be deducted and the equivalent amount of glycerin 
radicle added. One c.c. of decinormal potassium hydroxide •= 
000391 gramme of potassium and 000136 of (CjHj), so that one 
must subtract as many times 0*00255 gramme as the number of 
c.c. of alkali used in the titration. The quantity of fat in the 
flesh can thus be calculated by the formula : — 



r ^ - 0-01 -(gx 00255) 1 



250 



in which F is the percentage of fat required ; 3 the weight of 
potassium soap from 20 &c. of the petroleum spirit; K the 
number of cc. of decinormal potassium hydroxide; and a the 
weight of the substance under exam i nation. 

According to 0. P(dimanti * the following simple method gives 
practically the same results as the Dormayer digestion process. 
Two grammes of the powdered flesh are shaken for six hours with 
300 cc, of ether and 2 c.c, of metallic mercury, and the fat deter- 
mined in an aliquot portion of the filtered extract 



THE DIGESTIBILITY OF DIFFERENT KINDS OF 
FLESH. 

As the conditions which exist in artificial digestion experiments 
are very different from those of the uatural process it is not wise 
to base too general conclusions on the results of such experiments. 
Nevertheless, they may often furnish valuable information as to 
the behaviour of flesh under the influence of one or more of the 



• Ffiagir Arehiv, 1898, Ixi. 386, 
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many factors wiiich go to form the pliyaiological processes which 
we term digeBtion. 

Artificial Peptic Digestion Experiments. — A Bimple method of 
obtaining the gastric juice for such determinations is to cut the 
freali mucous ineinbratie of a pig's stomach into amnl! pieces, and 
to mil the fragments with 5 litres of water and 100 c.c. of 10 per 
cent, hydrochloric acid. After adding a Biuall quantity of au 
alcoholic solution of thymol as a presen-ative, the mixture is left 
for tweuty-four hours, with occasional agitation, and is then 
filtered, first through flannel, and then through paper. Finally 
the degree of auidity is determined and brought to exactly 0'2 
per cent. As thus obtained the solution of gautric juice can be 
kept unchanged for months, 

One of the dried pepsins in the market may be used instead 
of the freshly prepared gustric juice in the proportion of about 0-5 
gramme to 100 c.c. of dilute hydrochloric acid (0'2 per cent). 

Five grammes of tlie lean meat, in as fine a state of division u 
possible, are mixed in a floak with 500 c.c. of the artificial gastric 
juice, and the flask immersed in a water-bath maintained at a 
constant temperature of 40° C. for three hours. The portion 
remaining undissolved is then collected on a filter, washed, dried, 
and weighed, an allowance I^eing mude for iho amount of wat«r 
contained in the original flesh. 

Artificial Pancreatic Digestion Experiments. — For the pre- 
paration of artificial pancreatic juice a portion of the pancreas of an 
ox may be well triturated with sand in a mortar, and extracted with 
cold water, or with a 2 per cent, solution of sodium carbonate. 
Thymol should be added to the extract aa a preservative, as in the 
case of artificial gastric juice. 

The digestion experiments are made in the same way as those 
with pepsin, but the liquid instead of being acid should bo slightly 
alkaline (1 per cent, of sodium carbonate). 

The products formed by the action of pepsin and tiypein 
on the proteids of flesh are referred to in a subsequent chapter 
(p. 179). 

Oomparaiive DiijetlibHHy of /"/eeft.— Chittenden and Cumnuns * 
have determined the relative digestibility of different kinds of 
flesh by pepsin. In eaeh case 20 grammes of the sample wor* 
freed as completely as possible from sinew, fat, skin, and bone, 
and treated with 6 grammes of pepsin dissolved in a litre of 
hydrochloric acid {0'3 ]>er cent.). 

The amount of cooked beef digested *-ai 40461 grammes, ftnd 
this was taken as the standard. 

Kepreacnting tliis amount ns 100, the relative digestibility in 
* Jvicr. Ch4m. Joutn., tL p. 318. 
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artificial gaatric juice of other kindB of flesh under the same 
conditioDB were: — 



VbJ, . . . 


Oi-SB 


Mackerel, . . 


88-24 


Mntton, . . . 


92-15 


HeniDg, . 


82-34 


H«n(iiglitfl«h), ■ 


87-63 


Shelt-Gdt, 


82 -B 


86-72 


Eel 


71-76 


„ (c£rkfl.d.), . 


8i-43 


Lotator (fenude). . 


7S-0S 










Tront, . 


87-03 




67-13 


Cod. . . . 


72 '39 


FrogUIeg, . . 


80-40 



The digestibility of raw beef aa compared with cooked beef was 
as 142-38 ia to 100. 

Fhyviological Expnimeuts. — In addition to artiGcial digestion 
experiments many ph3raiologioal experimenta have been made on 
animals and human beings, weighed quantities of flesh or other 
food being given, and the amount and nature of the excreta 
determined, the difference being regarded as digested. 

Thus, in 1862, Ranke showed that in a feeding experiment in 
which 18-32 grammes of beef were given, 11-5 per cent, of the 
total nitrogen was found in the waste products. 

W. Atwater* made experimenta on these lieea to determine the 
digestibility of shell-fish in comparison with beef. Of the former 
about 1660 grammes, and of the latter about 1200 grammes, were 
Aiten by a young man, together with a certain proportion of 
batter, salt, and spice. 

The resulta thus obtEuued were :— 





AbMTbad. 


Sepuatod In Kicrela. 


s.r 


Nftro- 


FM. 


S.IU. 


DrrSnb- 


Nltro- 

UMler. 


?»t. 


S»lti. 


BMf, . 


0G'l 

86-7 


9B-0 
97-6 


BIO 
94-8 


77-6 

78-6 


4-B 
4-8 


20 
2-6 


90 
62 


22-6 
21-6 



From these it follows that, in the case of this individual at 
least, sbell-fiBh is as digestible aa beef, and this coDclusion received 
confirmation in similar experiments on a dog. 

But since the amount of a given food which is capable of being 

absorbed into the system varies considerably in the case of diSiareut 

* Z«U.f. Biol., 1887. urii. p. 216. 
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individuals, a conclusion as to the absolute degree of digestibility 
can only be drawn from such experiments when they have been 
tried with a very large number of people. 



CALCULATION OF THE FOOD VALUE OF FLESH. 

This ought to be based not only on the amount of nutriment 
contained in the flesh, but also on the amoimt capable of being 
absorbed and on the effect of the flavour. But inasmuch as the 
two last factors vary with each individual it is only possible to 
calculate the value approximately from the first, and to regard 
that food as the cheapest which contains the most nourish- 
ment. 

Eonig adopts the method proposed by Emmerich, and starts 
from the fact that the actual market value of nitrogenous sub- 
stance (proteid) is higher than that of fat, and that carbohydrates 
are cheaper than fat. 

If 1 gramme of carbohydrate be taken to represent 1 nutrient 
unit in value, I gramme of fat, and of proteid represent 3 and 
5 nutrient units respectively. 

Thus, for example, if I kilo, of beans cost 8d., 

Proteids, . 230 grammes x 5 = 1150 nutrient units 

Fat, . .20 „ x3= 60 „ 

Carbohydrates, 535 „ x 1 = 535 „ 



1745 



8 



Here the price of 1 food unit of beans would equal , ^ , d. 
^ ^ 1745 

The following figures taken from Konig's table illustrate this 
method : — 





Water. 


Proteldi. 


Fat 


N.-free 
BxtracUvefl. 


Aih. 


Sum of 

nutrient 

units per kilo. 


Mutton, very &t, 
Sheep's tongue, • 
Sheep's lirer, 


47*91 
67-44 
69-80 


14*80 
14*29 
21*64 


36*89 

17*81 

4*98 


05 
0*09 
2-78 


0-86 
1-00 
1*86 


1882-2 
1230*8 
1258-7 
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F. Strohmer* gives the subjoined table of the food value of 
different kiada of flesh calculated b; this method : — 







FarCent. 




Nutrient Units 
per kilo. 




Proteidb 


Fftt 


Cubo- 
hydrete^ 


Bm( modentol; ht, . 


21-0 


6'6 




1216 


„ Ibui, . 


21-0 


1-6 




1096 


Veri,. '. 




20 


4-0 




1120 


Port, fct. . 




H-5 


87-6 




1846 


,. l^ 




20-0 


7-0 




1210 


I*rd, 




0-8 


99 




298B 


Bwon, . 




B-0 


78 




2690 


Guius 




22-6 


10 


... 


1155 


B»bbit, 




21-6 


10-0 




1S75 


H«rt, . 




18-0 


8-0 




1140 


Kidn.y, . 




18-6 


*'0 




1045 


LiTw, 




20-0 


10 




1120 


Mt HorrioK, 




WO 


17-0 




1460 


Li«r 3.iii»g., 




11-0 


14-6 


2i-0 


1008 


Blntwnnt (Blood 1 


10 '0 


9-0 


20-0 


790 



According to Lebmann t this empirical method furnishes results 
which agree fairly well with the actual relation in price. 



SCHEME FOE THE EXAMINATION OF FRESH MEAT. 
^0 foUowiog outline tot a preliminar; «ZBiii!aBtioii of raw meat ma; be 



1. Ths COLolTB.—lTonnBl.— White, aa in lamb ot raal ; reddish, at in 

beef ftud mutton. 
AbnormaL^ — Melanotls, jsllow, irhit«, dne to diaeMe ; xiDtoaii, dark 
pnrpla (acute TeTer), reddiab brown (CO, poiBonlDg), scarlet (CO 
poteoning or bacterial depoiit). Indcscetice, gray, riolet, grsan 
(incipient dMompooitJOD) (^. pages 70-72). 

2. TBI CoNBiBTENCY. — A akewer forwd into tbe flesh ahould meet with 

equal rseiitance throaghont. The opposite case may denote decom- 
position or the presenoe of abscesua. When cnt with a knife the 
diTiaioa abonld oe eren and regular (^. pages 72 acd 77). 

3. Tbb Odoihi.— See pagn 73 and 76. 

4. TBI Fat. — This abonld be preeent Id snitable praportiona. Extreme 

leanneM denotei diaeaae (^. pages 72 aud 289). 
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6. Reaction of thb Meat Juice towards Litmus.— Add denotes 
eound meat or acid decomposition. Alkaline denotes decompoeition 
or presence of alkaline salts as preservatiTes {cf. pago 74). 

6. Eber's Test for Putrefaction.— This is earned out as described on 

page 75. 

7. Degree of Moisture. — Abnormal moistnre, as visible to the eye, is 

a symptom of several diseased conditions (^. pafle 79). 

8. Frozen Meat is detected by the appearance of the meat joioe to the 

naked eye and nnder the microscope (page 104). 

9. 'Blown Meat. — ^The general onaracteristics are described on 

page 77. 

10. Meat treated with Antiseptios. — (a) Test for decomposition 
with litmns and Eber's test (pp. 74-75) ; (6) Examine the meat fibres 
under microscope for decomposition and result of action of sulphites 
(pp. 117 and 121) ; (c) Test the meat juice for borates with turmeric 
paper (p. 119) ; (c?) Test for salicylic acid (p. 122), and formaldehyde 
(p. 123). 



CHAPTER V. 

HETEODS OF EXAHDriKG ANIMAL FAT. 

Methods of EiaminiTig the Fat. — lo the present writer's opinion 
the analytical methodB described in the following pages will be 
found among the most suitable for the examinatioD of the fat 
obtained by the methods described in the preceding chapter. For 
various modifications of these, and for alternative processes, the 
reader is referred to works dealing specially with fats and oils. 

Crystallizatioii from Etber. — This ma; sometimes give an in- 
dication as to the nature of the fat. Piga' fat, excepting that 
from the flare, is deposited in charact«ri8tic crystals with chiael- 
ahaped ends, while beef-fat, mutton fat, and horse-fat give fan-like 
bunches of needle-shaped crystals. Hehner and Mitchell * have 
shown that the form of the crystals depends on the proportion of 
stearic acid in the fat, and that on continued recrystallization of a 
lard which at first gives the broad-ended crystals, the deposits be- 
come more and more rich in stearic acid, and eventually assume 
the form of the crystals from beef-fat. 

Specific OrsTity. — ^Accurate results are most readily obtained 
by the use of a Sprengel U-tube. 

Melting Foini. — The method adopted by the Association of 
Bavarian Chemists consists in drawing the melted fat into a. thin 
capillary tube, sealing one end, and leaving it for twenty-four 
hours. The tube is then tied to the stem of a thermometer, which 
is gently heated in a glycerin bath. The temperature at which 
the fat becomes perfectly clear and transparent is regarded as the 
melting point. 

SoliaiQriDg Foint of the Fatty Adds. — The fatty acids are 
melted in a test-tube and allowed to cool slowly until signs of 
incipient solidification appear, when they are stirred witti a ther- 
mometer, graduated in fi^hs of a degree three times to the right 
and three times to the left. At a certain stage after this the 
mercury in the thermometer ceases to fall, and then suddenly 
■ AmIi/iI, 1896, p. S29. 
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rises, often as much as half & degree, and remains fltatiouarj for 
a short time before commenciDg to Tall again. This stationary 
j'oint is taken as the solidifying point, and is also known as the 
Dalican ' titre.' By using the same apparatus and details of pro- 
cedure concordant results are readily obtained by this method. 

The Iodine Value. — This indicates the percentage of iodine or 
other halogen, calculated into its equivalent of iodine, absorbed by 
a fat. 

Hiibl Process. — The method which has hitherto been most 
widely employed is that of Hiibl, varied in the details of working 
by >'arioua chemists. The following is an outline of a method of 
procedure which, in essential particulars, is the same as that of 
Hubl :— 

Two solutions are prepared: (1) containing 25 grammes of 
iodine in 500 c.c. of pure 95 per cent, alcohol (or rectified spirit), 
(■i) containing 30 grammes of mercuric chloride in 600 c.c of the 
same solvent. 

About 0-3 gramme of liquid fat, or 0-8 gramme of solid fat are 
dissolved in 10 c.c. of chloroform in a stoppered bottle. To the 
solution are added (1) 20 c.c. of the iodine solution, and (2) 20 c.o. 
of the mercuric chloride solution. Simultaneously a blank deter- 
mination is made, the same quantity of chloroform and of the 
solution being placed in a stoppered bottle containing no fat. 

After three hours 10 o.c. of a 10 per cent, solution of potassium 
iodide is added to each bottle, and the liquid in each titrated with 
recently standardized sodium thiosulphate, starch paste being nsed 
as indicator. 

The difference between the blank determination and the other 
gives the amoimt of iodine absorbed by the quantity of fat taken. 

Care must be taken that there is always an excess of iodine 
during the abaorptiou. 

From Wijs* exporimenta • it appears that the results are more 
accurate if the blank be titrated before the absorption rather thaa 
after it, and also that seven hours is a somewhat better time limit 
than three hours. 

Wijs' Method. — Recently TVija' t has thrown light on tho naturs 
of the reactions which take place on mixing the Hiibl solutions 
mid adding them to a fat, and has shown that the substance 
chiefly concerned in the absorption of the iodine is hypoiodous 
acid (IlIO), formed by the action of the water present on the 
iodine chloride derived from the double decompo^tion between 
the iodine and the mercuric chloride. 

As this acid is Bitremely unstable, he has devised a means of 
obtaining it nnder such conditions as largely prevent its decom- 

* Analgit, sbct., 1309, p. 96. t Zeit. angcie. Chem., 1E9S, p. 201. 
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poeitioD. This a effected by preparing it by the action of water 
OD iodine chloride (ICl + H,0 - HCl + UIO), a solvent being choeea 
which contains only so much water as will decompose neariy the 
whole of the iodine chloride, and which at the same time will not 
be oxidized by the hypoiodous acid, A aolution of iodine chloride 
in 99 per cent acetic acid fulfils these conditions. 

This is prepared by dissolving 13 grammes of iodine in a litre 
of acetic acid, titrating the solution with standard thioaulphate, 
and passii^ a current of chlorine through, until the quantity of 
thiosulphate required is doubled. With a little practice this 
point can be readily found by the change in colour. 

The solution thus obtained is fairly stable, and is used in the 
same way as the mixed Hub! solutions, with the exception that the 
length of time required for the absorption is very greatly reduced, 
the addition being complete in three or four minutes in the cose 
of fats and oils with low iodine values, while not more than ten 
minutes are necessary with oils with high iodine values. 

77k BromxTie-Thermai Method. — This method, devised by 
Hehner and Mitchell,'"' affords a rapid means of determining the 
iodine value. It depends on the facts that on adding bromine to 
a fat or oil a considerable amount of heat is liberated, and that 
this heat is proportional to the degree of unsaturation. 

One granune of the fat or oil is dissolved in 10 c.c. of chlorofomi 
or carbon tetrachloride in a test-tube packed with non-conducting 
material in a beaker, or preferably in a vacuum- jacketed tube.f 
A delicate thermometer (graduated in fiftlis or tenths of a degree) 
is inserted, and the temperature observed. One c.c. of bromine, 
previously brought to the same temperature as the chloroform 
solution, is then introduced, and a note made of the highetst 
temperature reached. The difference between the initial and the 
final temperatures is the 'bromine-heat value.' 

By accurately determining the bromine-heat value and the 
iodine value of a number of edible fats and oils a ratio can bo 
worked out between the two, so that subsequently it is only 
necessary to determine the bromine-heat value and to multiply 
it by the factor, in order to obtain the iodine value. Of course 
the same apparatus and method of working must alone be used 
or the factor will be a different one. 

The SaponiflcatioD or Efittstorfer Value.— This indicates the 
amount of potassium hydroxide, in milligrammes, required to 
exactly convert the fatty acids in 1 gramme of a fat into the 
potassium salts, with complete liberation of the glycerin. 

Hot Saponification — From TS to 2 grammes of the fat ore 
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mixed in a fiask with an accurately measured excess of standard 
alcoholic potassium hydroside, aud heated on a boiling water-batb 
under a reflus condenser for about thirty minutes. The liquid 
is then titrated back with semi-normal acid, with phenol -phthtUiiii] 
as indicator. The alcoholic alkali is prepared bj dissolving about 
30 grammes of potasaiuni hydroxide in a little boiling water, 
making up tho solution to a litre with porilied alcohol, and 
liltering it after standing for twenty-four hours. 

Cold Saponification.* — From 3 to 4 grammea of the fat are 
diasolved in 25 c.o. of petroleum spirit and the solution mixed 
with 25 o.c. of standardized alcoholic potassium hydroxide (con- 
taining as little water as possible). The saponification is usttally 
complete in a few hours, but it is advisable to allow tlie flask tb 
Btnnd overnight before titrating back the excess of alkali, 

Heimer Value. — This shows the percentage of insoluble fatty 
acids contained in a fat or oiL 

From 3 to 4 grammes of the fat are weighed into a Bmall 
evaporating dish, where they are mixed with 1 to 3 grammes of 
potassium hydroxide and 50 c.c. of alcohol, and heated on the 
water-bath until completely saponified. Tho soap is evaporated 
to a pasty consistency and dissolved in about 150 c.c. of boiling 
water, the fatty acids liberated by adding hydrochloric or aulpburic 
acid, and tlie flask heated on the water-bath until they melt and 
form a clear layer on tlie surface. The contents of the flask are 
then poured on to a filter of thick paper, previously dried at 
100" C, and weighed, and the insoluble fatty acids left op the 
filter are washed with boiling water until the filtrate ceases to 
redden litmus. The filter-tunnel ia then immersed in cold water, 
which generally causes the tatty acids to solidify. The water 
is drained off, and the filter and its contents dried at lOU* C 
in a beaker of known weight. The weighings, taken after two 
houre", and again after 4 hours' drying, usually agree within a 
milligramme. 

Tm Beichert Value. — This iudicatos the definite proportioa 
of volatile fatty acids obtained from 2*5 grammes of a fat by 
Keiohert's distillation process. 

Two and a-hulf grammes of the purified and filtered fat are 
weighed into a small flask, fitted with a cork through which paaaes 
a short piece of glass-tubing, and saponiiied by adding 5 c.o. of 
pure alcohol and 6 cc. of a concentrated a^jueous solution of potas- 
sium hydroxide (free from carbonate) and heating on the water- 
bath for a short time. After expelliug all traces of alcohol the dry 
soap ia dissolved in 70 c.c. of boiling water, and the fatty acids 

' R. HenriqnM. ZeiL angeic. Chem., 1B85, p. 721 ; 1898. p. 221, 
AwUyl. 1S9S, pp. CT aod 192. 
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liberated by Ekdding 5 c.o. of sulphuric acid of the right strenp:th to 
oeutralize the alkali. A few pieces of pumice are introduced 
into the flask to prevent bumping, and the liquid gently distilled 
until eiactly 50 cc. of liquid have passed over. This distillate 
is filtered, the filter washed with boiling water, and the filtrate and 
washings titrated with deciuormal solution of potassium or barium 
hydroxide. The number of cc. required is the Reichert value. 

Id the Reichert-Meiasl process 5 grammes of the fat are used, and 
the number obtained is considerably higher than the Bcichert value. 

The Ace^l Value. — This indicates, among other things, the 
amount of hydroiylated fatty acids present in a, fat. 

The method which gives the most reliable results is that of 
Lewkowitsch,* who definee the value as the number of roilli- 
grammes of potassium hydroxide required to neutralize the acetic 
acid obtained by saponifying 1 gramme of the acetylated fat. 

The glycerides of any hydroiylated acids present are converted 
into their acetyl compounds by boiling the filtered and puri6ed fat 
for two hours witb an equal volume of acetic anhydride. The oily 
product is boiled with successive portions of water until the latter 
has no longer an acid reaction, aud is then freed from water and 
filtered. 

From 2 to 4 grammes of the acetylated fat are saponified with a 
definite volume of standard alcoholic potassium hydroiide, the 
alcohol evaporated and the soap dissolved in boiling water. The 
amount of acetate present b then determined by either a diatillsr 
tiou or a filtration process. 

Id the former an excess of sulphuric acid is added, from 500 to 
700c.o. of the liquid distilled by blowing a current of steam through 
the flask, aud the distillate titrated with standard alkali. 

In the filtration process, a quantity of sulphuric acid exactly 
equivalent to the alcoholic potassium hydroxide used is added, 
the liquid warmed, the layer of fatty acids filtered ofi* and washed 
with boiling water, and the filtrate and washings titrated with 
standard alkali. 

Free alcohols will also he saponified, and, if present tn any quan- 
tity, a correction must be made for tbem. A correction is also 
necessary when the fat contains any considerable proportion of 
volatile fatty acids (high Reichert value), t 

The Add Value. — This indicates the amount of free fatty acids 
present in a fat. 

A weighed quantity of tbe fat is mixed with neutral alcohol, 
heated on the water-l^th until the alcohol boils, and titrated with 

* Jour. Soc. Chtm. Ind., ISBT, zvi pp. 503-SOfl, 

f Tha mesning of tha aoetvl valtui m bt-analyiii is exhaustively diMUMed 
fa a recent paper by Lewkowitacb {Analyit, 18S9, p, 89>}. 
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a standard solution of potassium hjdroxide. The number of 
milligramme-s of potassium hydroxide required to neutralize the 
free fatty neids in 1 gramme of fat gives the acid value. 

DETERMINATION OF INDIVIDUAL CONSTITUENTS. 
Separation of Liquid and Solid Fatty Adds. — TreatToent o/tht 
Lead Soaps wilh Slider. — Several methoda * have been based ou 
the Fact that the lead Eults of the unsaturated fatty acids are much 
more soluble in ether than those of the solid ^tty acids (Yarren- 
trapp). In each case there is only a fractional separation oroon- 
centratiim, and the portion soluble in ether, although very much 
richer in bqiiid fatty acids, still contains solid fatty oeida, wbila 
the insoluble portion ia not freo from liquid fatty acida As, bow- 
ever, it is possible, by working under exactly the same couditions, 
to obtain concordant results, the mvtbod in one or other of Jta 
modifications is widely employed, and often affords valuable 
Information. 

The following process is essentially that of Rose : — One gnunme 
of the mixed fatty acids is placed in a stoppered flask vith 0'6 
gramme of lead oxide, and about 80 c.c. of ether, and after standing 
for twenty-four hours, with an occasional shake, the liquid is made 
up to 100 o.c. n-ith ether, the flask well shaken, and tbe insoluble 
matter allowed to settle. Twenty-five c.c. of the ether are then 
withdrawn by means of a pipette, the end of which is covered with 
a porous plug of ootton-wool, to serve na a filter. The solvent is 
evaporated and the residue dried in a current of carbon dioxide, 
and weighed. The lead it contjvina is then determined by adding 
2-6 CO. of dilute sulphuric acid (1 : 6), digesting on the water-bath, 
adding40 c.o. of 95 per cent, alcohol, collecting the lead sulphate on 
counterpoised filters, washing it with alcohol, drying and weighing. 
From the percentage of lead in the dried sulphate the proportion 
of fatty acids which were in combination with it in the reeidue 
may be calculated, and also their molecular weight. 

hderminatioR of the Iodine Value of ths ' Luiuid ' Faity 
Aevlg. — Fifty 0.0. of the ethereal solution are withdrawn from the 
Bask with the filter pipette and shaken with dilute hydrochlorio 
acid in a separating funnel, in order to liberate the fatty acids ; 
tlie ethereal layer ia washed with successive portions of water until 
free from chloride, after which 25 c.o. are withdrawn and evapor- 
ated to dryness in a weighed flask, and the iodine value of the 
residue determined in the usual manner. From the time of the 
liberation of the tatty acids the greatest care is necessary, to 

tOadcnun*, J. prat. Chim,, 99, p. 407; Muter and Db Koninch 
JnalyM, 1889, p. fll ; Kwuiel, rkarm. CaUralb., 5, p. 337 ; Bote, /. Soc 
Chtm. /nd., 183/, p. 806. 
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prevent their oxidation, and throughout the washing and evapora- 
tion the air in the separating funnel and the Hask must be replaced 
bj carbon dioxide. 

(ii.) Treatment of the Lead Soap with Benzene, — Finding that the 
lead salts of the unsaturated fatty acids were much less soluble in 
benzene than in ether, Famsteiner * has devised the following 
method of separation, in which his experiments with known mix- 
tures show that the proportion of liquid fatty acids obtained are 
from 1 to 3 per cent, too low, while that of the solid acids is in 
the maximum 1*65 per cent, too high : — 

From 0*6 to 1 gramme of the fat is saponified in an Krlenmeyer 
flask with alcoholic potassium hydroxide, the solution neutralized 
with acetic acid, and, after evaporation of the alcohol, the soap 
dissolved in 100 c.c. of boiling water and precipitated with 30 c.c. 
of a boiling solution of lead acetate (containing about 1 gramme). 
When cold the liquid is filtered and the residue in the flask 
washed with cold water, freed from the latter as completely as 
possible, and dissolved in 50 c.c. of hot benzene. The solu- 
tion is left at the ordinary temperature for fifteen minutes, 
and is then cooled for about two hours at 8" to 12*' C. In order 
to separate the liquid from the crystalline deposit, the flask is 
closed with a cork, having two holes, through one of which passes 
a short straight tube, while the other holds a tube reaching to the 
bottom of the flask and having its exterior end bent downwards 
outside the flask. The interior opening of the tube is covered with 
a plug of cotton wool which serves as a filter, and the liquid is 
driven upwards through this by forcing air into the flask through 
the short straight tube. When the liquid has been removed as 
completely as possible in this way, the flask is washed with 10 c.c. 
of benzene at 10"* C, which is similarly expelled. The precipitate 
is then dissolved in 25 c.c. of hot benzene, again cooled for an 
hour at 8" to 10" C, and the liquid again filtered. In the same 
way a third precipitation and filtration are carried out, so that alto- 
gether from 120 to 130 c.c. of the benzene filtrate are obtained. 

The liquid fatty acids are recovered from the united filtrates by 
shaking the latter with 10 c.c. of hydrochloric acid, filtering the 
solution of fatty acids through cotton wool, into a flask, and distil- 
ling off the benzene in a current of hydrogen, to prevent oxidation. 
The solid fatty acids are determined by heating the insoluble lead 
salts in a flask with 25 to 30 c.c. of benzene for a short time, then 
adding dilute hydrochloric acid (1 :10), continuing the heating for 
about fifteen minutes under a reflux condenser, washing the solu- 
tion, and evaporating the benzene. 

When free fatty acids are to be examined the best method is to 
* Zeit, Nahr. u. Oenussm,^ 1898, 1, pp. 890-899. 

a 
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dissolve tliem in benzene and to lieat the solution under a reflux 
condenser with lead hydroside, obtained by precipitating a solution 
of lead acetate with sodium hydroxide, washing the precipitat« with 
water, alcohol, and ether, drjing it at a gentls heat, and finely pow- 
dering it. The proportions required for one part by weight of solid 
and liquid fatty acids are 0'4 and 0'2 parts respectively. 

Determination of the Iodine Value of the Liquid Fatty Aeidt. — 
This may be done with the residue of acids obtained in the 
manner described above, every precaution having been taken to 
prevent their becoming oxidized. The risk of oxidation ia greatly 
reduced and the manipulation aimplitied by determining the iodine 
value of the fatty acids while still iu solution in the beuEene. 
Famsteiner* has found that benzene from which all thiopbene 
has been removed does not absorb a trace of iodine on treatment 
with Hiibl's solution, and on this fact bases the following method : — 
I'Vom 1 to 2 grammes of the fat are converted into the lead 
salts of the fatty acids in the usual manner, and dissolved in 100 
c.c. of benzene (tree from thiopbene) at a gentle heat After being 
left tor ten to fifteen minutes, until a precipitate commences 
to form, the flask is allowed to stand for two hours at a tempetft' 
ture of from 8' to 12° C, and the liquid then filtered without 
fiubaequent washing of the precipitate. After shaking the filtrate 
with about 100 c.c. of dilute hydrochloric acid (1: 10), until the 
fatty acids are liberated, the benzene solution is washed twice with 
water and filtered. Two portions of 25 cc. are taken from the 
filtrate and treated with the Hiibl solution in the usual manner, 
whilst a similar third portion is evaporated in a current of 
hydrogen, and the residue weighed in order to determine the 
quantity present in the other fractions. 

Benzene t can he freed from thiopbene by heating 120 c.c. to 
the boiling point under a reflux condenser witli 5*8 grammes of 
aluminium chloride, and distilling, care being taken to exclude 
moisture. The distillate is washed with sodium hydroxide solutioa 
and dried with calcium chloride. 

Treatment of tlie Zinc Sallg mth Ether.— In Jean's method the 
fnt is saponified with alcoholic potassium hydroxide, the excess of 
alkali neutralized vrith acetic acid, and the alcohol evaporated on 
the water-bath. The soap is dissolved in hot water, a hot solu- 
tion of zinc acetate (1 part to 2 parts of fat) added, and the zinc 
soap washed with hot water and alcohol, pressed between filter- 
paper, and extncted with about ten times iU volume of anhydrous 
ether for fifteen to thirty minutes, under a reflux condenser. 
After cooling, the solution is filtered into a separating funnel, 
* Zfil. UTUtrmek, Nalir. Gtniuam., 1898, 
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shaken with dilute hydrochloric acid, and the ethereal layer con- 
taining the liberated fatty acids, washed with water, and parts of 
it filtered into weighed flasks, where the ether is evaporated aad 
the iodine value of the residues determined in the usual way. 
During the filtrations and evaparations every precaution is taken 
to prevent oxidation. 

Bomer • has recently made experiments on the determination of 
the iodine value of the zinc salts without previous conversion into 
fatty acids. He points out that since the molecular equivalento 
of the higher unsaturated fatty acids diiler but slightly, a variation 
in the percentage of those acids in a mixture would not have a 
very great influence on the result. Thus 100 parts of oleic acid 
correspond to 111'19 of zinc oleate; 100 of linolic acid to 111'27 
of «nc linoleate; and 100 of linolenic acid to ni35 of zinc 
linolenate. Henoe, without risk of a considerable error, the mole- 
cular equivalent of the ztnc salte of mixed liquid fatty acids may 
be taken as that of the oleic acid salt (627'I) ; and since 100 parts 
of line oleate correspond to 89'94 parts of oleic acid, the iodine 
value of the liquid fatty acids (taken as oleic acid) may be calcu- 
lated by dividing that of the zinc soap by 0'8994 or multiplying 
it by M12. 

(iiL) Treatment of the Fatty Adda with Sulphuric Acid and 
Extraction of the Saturated Acidt with PelroleJim SpiritA — From 
0'6 to 1 gramme of the fatty acids are melted in an Erlenmeyer 
flask, the flask chilled in ice water, 3 c.c. of 85 per cent, sulphuric 
acid added, and the temperature allowed to rise. When once tlie 
reaction commences a clear solution is rapidly obtained, and tlie 
flask is again cooled. Fifty c.c. of petroleum spirit are then 
introduced, the flask well shaken, the petroleum spirit decanted 
into a separating funnel, the flask rinsed out twice with 10 c.c. of 
petroleum spirit, the total extract washed with water, the solvent 
evaporated, and the residue, consisting of the saturated fatty 
acids, dried and weighed. X 

Detemiiiuitioii of Stearic Add. — Hehner and Mitchell g have 
devised a method of estimating this constituent, in which tlio 
tatty acids are crystallised from alcohol previously saturated with 
pure, or nearly pure, stearic acid, at a definite temperature. Thn 
stearic acid is most readily obtained by recrystallising the fatty 
acids of cocoa butter from alcohol until a product is obtained 
which melts between 6t!° and 69° C. An exccMs of this is dissolved 
in 95 per cent, alcohol, and the flask kept immersed for twelve 

* Zeil./. Unlenueh. Nahr. Oenuwm., 1S98, p. G41. 

t E. Twitobsll, Joum. Soc. CKem. Ind., 1S9T, p. 1002. 

t Acoording to LenkowiUch [Analgtt, 1900, p. U) thii method d[>ea not 
jicld qoantitatire result*. 

I Aitalyil, 18H, p. 81(1. 
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hours in ice-water. In the nioniing the liquid is drawn off by 
mcftiis of a suction liltBr, without withdrawing the flask, from the 
ice-chest, The filter coiiHists of a thistle fuunel covered with a 
linen clotli, and the method of mauipulation is shown in the 
accompanying figure. 

From 05 to 1 gramme of the fatty acids of the tat under 
examination are disaolved in 100 c.c. of this satni-ated alcohol, 
and the flask left immersed 
in the ico-water in the ice- 
cheat for twelve hours. The 
liquid is then drawn off 
through the Ulter-tube, the 
flask washed out three times 
with 1 c.c. of the saturated 
alcohol at 0° C, each por- 
tion being withdrawn in tho 
same manner, and the rea- 
diie dried at 100° C, and 
weighed. An allowance, ex- 
perimentally determined to 
be 5 milligrammes, is made 
for the amount of stearic 
acid contained in the satu- 
rated alcohol unavoidably 
left in the flask. (C/. pp. 
54 and 56.) 

DetenninatioQ of Oleic 
Acid. — Fariisteiner * has 
baaed a method of de- 
termiulug this acid on 
the insolubility of barium olente in a niiiture of cold bonnene 
and alcohol. The (at is saponilied and barium chloride added 
to the hot soap solution. The precipitate is washed with water 
and dissolved iu 50 c.c. of hot benzene containing 2'5 c.c of 95 
per cent, alcohol. The precipitate, which deposits on cooling, is 
redissolved in 50 c.c. of benzcue containing 10 c.c. of alcohol, and 
the resulting precipitate again recrystallised from a mixture of SO 
c.c. of benzene and 20 c.c, of alcohoLf 

The fatty acids recovered from the insoluble salts consist of 
saturated fatty acids and oleic acid, which can bo iitparat«d from 
one another by Fiinisteiuer'a method (p. 97). 

* &a. UnUTtaeh. }fa\r. Omumn,, IBM, pp. 1-57, 

+ Lewkoxritach Km recently shown {AtuUgst, ISOO, p. 64) that this mettiod 
ix uDreliible. It might be potsililc, howDTer, to obtain satUfnctoty multi by 
pteviouiil; Hturktiog the solvent with pan barium olontc 
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The barium salts of the fatty acida can also be prepared directly 
froni the fota by sapomfying them with a solution of barium 
hydroxide in equal volumes of benzene and methyl alcohol. 

Seterminstioii of Linolic Acid. — According to Famsteiner it 
is possible to estimate this acid by taking advantage of the 
insolubility of its bromide in cold petroleum spirit. 

The fatty acids of the oil or fat are dissolved in chloroform, or 
petroleum spirit, the solvent and excess of bromine evaporated, 
and the deposit filtered off, washed, dissolved in petroleum spirit, 
recryatallised, collected, and weighed, 

Aa a rule it vas neoeasary, where only small quantities of linolic 
acid were present, to brominate the liquid fatty acids (p. 97), or 
the soluble fatty acids obtained in the separation of oleic acid 
as a barium salt (p. 100). 

Ib this way laid was found to contain traces of both linolic acid 
and linolenic acid. Horse fat contained 9'9 per cent, of linolic 
acid, which was also found in ox-tallow, accompanied by traces of 
linolenic acid. 

Detennination of Linolenic Acid. — Indirect Estimaiion. — 
Hebner and Mitchell* have devised the following method:— On 
adding bromine to a chilled acetic acid solution of the total liquid 
fatty acids of an oil, there is an immediate precipitate if linolenic 
acid be present in more than traces, but this may also contain 
linolic bromide if it be present in any quantity. 

The precipitate is collected on a filter, washed first with cold 
acetic acid so as to remove oleic dibromide, and then with very 
cold ether, dried, and weighed. The bromine it contains is deter- 
mined, and the relative proportion of linolenic bexabromide 
calculated by means of the formula 

63-3j; <100-a:)53-3 

100 "*" loo ""* 

or a:-10(i»-53-3), 

in which m equal the percentage of bromine found, x the required 
percentage of hexabromide, and 633 and S3'3 the respective 
percentages of bromine iu the pure heia- and tetra-bromides. 

Direct Eatimation. — In Farnsteiner's method of estimating; 
linolic acid (vide ntpra) it was found that in some coses the 
bromides of the liquid fatty acids were not completely soluble 
in hot petroleum spirit, and that the insoluble residue had the 
characteristics of linolenic hexabromide. 

Hence it seems probable that this may be made the basis of a 
method of separating linolic and linolenic acids. 

* AnalyH, ISBS, p. 311. 



CHAPTER VI. 

THE FRESEBVATION OF FLESH, AND THE COMPOSL 
TION AND EXAMINATION OF PBESEBVED FLESH 
PE0DUCT8. 

The Decomposition of Flesh. 

The organic substances Tehich compose the cells of the animal 
tissues and fluids arc, as it Teere, in a state of unstable equiUbrium, 
a constant series of molecular changes going on, with destruction 
and reconstruction of the cell materials. So long as the cell is 
endowed with the force known as ' life,' it is able to resist the dis- 
integrating effect of the numerous micro-organisms which, under 
suitable conditions, speedily break down complex animal com- 
pounds into simpler and more stable bodies. But when once the 
cell is dead, the process of decay or putrefaction speedily com- 
mences, unless means be taken to destroy or render inert the 
bacteria already present, and to prevent the access of others. 
The conditions essential for the bacterial (decomposition of flesh 
are the presence of a sufficient quantity of moisture, and a suit- 
able temjKjrature, while the presence of atmospheric oxygen is 
often an accelcmting influence. 

The methods adopted in the preservation of meat are based on 
a consideration of these facts, and for convenience may be con- 
sidered under the following heads : — 1. Preservation by Cold ; 2. 
] )r}ing ; 3. Salting ; 4. Smoking ; 5. Heat-Sterilisation and Exclu- 
sion of Air ; 6. Antiseptic Agents. Obviously this classification is 
by no means an exact one, as the divisions overlap one another in 
many cases. 



Preservation by Cold. 

This method of preservation is perhaps more extensively employed 
than any other, especially in Russia, where the climate is favour- 
able for its natural application. Preservation by means of arti- 
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6cial cold is also in general use, and enormous quantities of frozen 
meat are daily supplied to the markets of London and other large 
cities. 

The numerous methods of cold preservation which have been 
described are based upon either (1) freezing the flesh and keeping 
it frozen ; or (2) keeping it at a temperature of only a few degrees 
below zero (C). 

Altemtiona in Frozen Flesb. — Owing to the slow, continuous 
action of the sarcolacUc acid, meat which hss been frozen is often 
exceptionally tender. On the other hand, owing to the loosening 
of the intermuscular tissue, bacteria can more readily penetrate 
into the interior of the thawed flesh, and bring about more rapid 
decomposition. Considerable care is requir&i in the thawing, 
since if this be done too suddenly the meat when cooked is often 
wanting in flavour. 

Action of Cold on Bacteoia Bacteria in general, and especi- 
ally those which bring about putrefaction, appear to be endowed 
wittj extraordinary powers of resistance to the action of cold. 

Pictet and Young* exposed cultivations of anthrax bacilli, of 

B, BubtHis, and of other bacteria, in woodeu boxes, to a tempera- 
ture of - 70° to - 76° C. for twenty hours, and finally for a long 
period at - 76° to - 130° C, but did not succeed in destroying their 
vitality. Colemann and Mickeodrick * obtained similar results. 
In their experiments flesh was kept for at least six hours in 
hermetically-sealed boxes at temperatures from — 6° to —130* 

C, but in every instance the flesh, after being kept at a slightly 
warm temperature, began to decompose in from ten to twelve 
hours, though protected from subsequent infection. 

But cold, although it does not destroy micro-organisms, pre- 
vente their development, or at least does so in the case of the 
putrefactive bacteria, vrhich at low temperatures are \mable to 
decompose the proteids of flesh. There are, however, certain non- 
proteolytic bacteria which are capable of developing in frozen 
meat, and especially in that which is kept at a temperature of 
0° C, instead of severs] degrees lower. To this cause Lafart 
attributes the uiipleasaat flavour sometimes acq\iircd by meat 
which has been kept in an ice-chamber for seveml days. 

This is confirmed by Popp,t who states tliat in ceraenfrlined 
storage chambers the walls, when moist, swarm with bacteria, 
which, when grown on beef-gelatin, produce a mouldy flavour, 
and he considers them to be the cause of the objectionable flavour 
frequently developed in stored meat 

* Oitarisg, Bandbueh lUr FleitchbilAau, p. G3G. 
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The Detection of Frozen Heat — When fresh blood is exposed 
to ft temperature of from 10° to 15° below zero (C), itsolidifies, 
and, wbeu exammed under the microscope, sfaowe ruptured cor- 
puBcles. This was first described by O. Pouchet in 1866, and has 
been applied by Maljean * to the recognition of frozen meat. A 
drop of the blood or meat-juice is expressed from the meat on to a 
glass slide, covered with a thin glos^ and placed under the micro- 
aoope as rapidly as possible in order to avoid solidification. The 
juioe from freiih meat shows uuniorous red corpuscles of normal 
colour and shape floating in a colourless serum, whereas the cor- 
puscles in the drop taken from the frozen meat are all more or 
less distorted in form, and completely decolorised, whilst the sur- 
rounding liquid has a relatively dark colour. 

A diUereuce is also apparent to the naked eye, the juice from 
fresh moat )>eing more abundant and of a redder tint than that 
from frozen meat. On placing a fragment of the frozen meat in 
a test-tube containing Bome water, the liquid becomes coloured 
much more rapidly and intensely than when fruah meal is 

Freeervation by Drying, 

During the process of drying in the sun or by artificial heat 
flesh loses a hirge proportion of its water, so that in the finished 
product one of the essential conditions for the development of 
bacteria is absent. As a rule such preparations keep well if pro- 
tected from moisture, but during the drying they lose much of 
the flavour of the fresh meat The best-known examples of this 
method of preservation are the American preparations, pemmiean, 
and charque, and fles/i poieder. 

Pemiuican. — This wa» formerly prepared by the North Ameri- 
can Indiaus from buffalo flesh, but now usually consists of beef. 
The floBb is cut into strips, dried in the sun, minced as finely as 
jiossible, mixed with equal quantities of fat, and worked up into a 
paste. According to l3r. Chaumont the finished product contains 
about 35 per cent, of nitrc^euous substance and 56 per cent, of 
fat. 

Charque. — Enormous quantities of this form of dried flesh are 
prepared in various parts of South America. The meat, after 
removal of the fat as completely as possible, is cut into thin 
strips, which are covered with flour, dried iu the sun, and rolled 
and pressed into a compact mass. In Dnuil it is mixed with 
sugar before drying (rJutrque dulce), or salted and dried (fame 
sewa), or salted and pressed between atones before drying {ear?ie 

• Joum. Phnrm. Chim... 1S92, 25, p. 318. 
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According to Chevalier * it ahould have a dark red colour, the 
muscular fibre should be hard, and no liquid should exude on 
applying strong pressure with the fingers. Beef loses about a 
quarter of its weight in the process, 

Hofmann t gives the following figures a 
composition of fat and lean charque : — 





PerCeiit 




ffitw. 


mtfo. 
SDb- 


Frt. 


BalU. 


Chloride. 


Nllro. 


YtX. 


Nitrogen. 


F.tCh«qnB,. 
LeuiChMqDB, 


*0-2 
Ml 


48-4 
48-0 


21 
8-7 


8-3 

IG'S 


8-3 
141 


eo-B3 

71-98 


6-17 
4-22 


12-96 

Il-Bl 



In 1896 Giradin % made the following comparative analyses of 
the composition of French beef and South American charque : — 





French Be.r. 


Charqne. 


Fresh. 


Dried »t 

100° c. 


Ab Imported. 


Dried «t 

100° c. 


W*b>r, . . . 
Fibrin, . 

Fst, . , . 
AlbamiD, . 

Solabl* S^, 


76-» 
16-70 
1-01 
2'2G 
2-08 
3-S& 


4-10 
S-S4 
8-S6 
12-24 


48-11 

24 82 
018 
070 
3-28 

2107 


46-78 
0-85 

rsa 

6 44 
41 -38 


8od3^hlorid^ ; 


0-222 
8 000 
0-4SB 


0-S26 

12-678 
2-OSO 


0-618 
4-B20 
11-516 


1-216 
B-101 
22-630 



fiut although chargue is richer in phosphates and nitrogenous 
substances than fresh beef, it can only be eaten in small quantities 
on account of the large amount of salt which it contains, and this 
also renders it extremely hygroscopic. Moreover, any fat which 

* DUtUM. i*t AlUrationt tt FaUificatiom, p. tiei. 

+ BtdaUtmg der FUuehnahrvng, p. 162. 

t DiaioK. dia AlUnUiimt tt FaMJiaUiont, p, SSZ. 
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is left in it is very liable to become rancid. Hence, in spite of its 
cheapness (25 to 35 centimes per kilo, in La Plata), it has never 
come into general use in Europe. 

Flesh Powder. — Various preparations of powdered flesh or flesh 
powder have been introduced into commerce, but, as a rule, the 
difficulty has been to prevent them acquiring an impleasant 
flavour from alterations in the fat which they contain. Eonig 
has confirmed Rubner's statement, that such dried flesh is as 
digestible as fresh meat. 

The lean flesh is dried first on the surface in a special apparatus 
at a low temperature, which is subsequently raised. When dry 
the flesh is pulverised and salted. 

The following analyses of a German patent flesh powder (* came 
j)ura^)j which is no longer in the market, have been made by 
Konig * and Strohmerf : — 





Water. 


Nitro- 

genouB 

Sub- 

stancea. 


Fat 


N.-free 

Rxtrac- 

Uvea. 


Salto. 


Potaa- 
sium. 


Fbosphorio 
Add. 


Kunig, 
Strohmer, . 


10-99 
10-81 


69-50 
70-24 


5-84 
6-61 


0*42 

... 


13-25 
18-84 


1-85 

• • • 


1-62 



Strohmer also found that 97*56 per cent, of the nitrogenous 
substance was of a proteid nature, and that 99*2 per cent, of this 
was digestible. The ash contained 8*77 per cent, of sodium 
chloride. 

Various substances, such as biscuits, meat cocoa, chocolate, etc., 
have been prepared from such flesh powder. Strohmer gives the 
following results of the analyses of some of these preparations con- 
taining * came pura ' : — 





Water. 


Nitrogenoua 
Substance. 


Fat. 


Carbo- 
hydrates. 


ARh. 


Digeftible 
Nitrogenona 
Substanoea. 


Meat biscuit, 
„ cocoa, 

,, chocolate, . 

1 


5-98 
6-25 
210 


12-56 
92*68 
1076 


12-87 
80 13 
25-83 


67 09 
84-65 
59-10 


2*00 
6-84 
2*22 


92-5 
66-7 
72-7 



Loc, cU., ii. 



t Die Emahrung dcs Menschen, p. 180. 
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The writer is indebted to Mr, Otto Hehner for the following 
analjaes of English meat biscuits which are still manufactured : — 



Wktar. JM. AlbnmiD. CallnloM. 



SUrch, ate, 



Enf^iab meat bisenit, 7-S3 lS-77 18-05 0-97 1-68 G7'0a 

Dtied FiBb, — In many places small cod, haddock, and stockfitsh 
are preserved by slitting them down the middle and drying them 
in the air. Dried stockfish (Kabeljau) is very extensively used. 
According to Strohmer * it contains : — Water, 16-16 ; nitrogenous 
matter, 78-91 ; fat, 0-78; and salts, 1-53. It is as digestible as 
flesh powder, and costs leas. 

Blood Steal. — In Sweden purified, dried blood, in the form of 
a powder, is a common article of food.* 



Preserratioii by Salting. 

This is one of the oldest and most widely u^ed processes of 
preserving meat. The salt acts partially as a dehydrating agent, 
combining with the water in the flesh, aad partly as an antiseptic, 
though ita value in the latter respect has frequently been over- 
rated. 

Methods of Salting. — In one method the flesh is well rubbed 
with salt, then pressed, the salting repeated, the meat being finally 
placed in barrels and covered with the salt liquid obtained from 
the pressings. 

Auother method consists in placing the meat in casks in layers, 
with salt between each layer. The salt withdraws water from tlie 
flesh, and the brine formed penetrates the fibres. 

In Eckart's Munich quick-salting process, the meat ie impreg- 
nated, under pressure, vitJi a 2S per cent, solution of sodium 
chloride for twenty-four hours, and then smoked. It is claimed 
that the loss consists, in the main, of only water and a little phos- 
phoric acid, that the meat has a better flavour, and that any 
trichinm are completely destroyed. 

Cirio's process, first exhibited in Paris in 1867, is very similar 
in character, the meat being kept in vckuu and brine forced in. 

Addition of Nitre. — As one of the results of salting meat is, 
that decolorisation takes place, it is customary to add a small 
proportion of potassium nitrate to counteract this. According to 
Lehnoano a very little suffices, but it must not be lost sight of 
that nitre is a poisonous substance. Five grammes of the salt 
may cause severe illness, and 8 grammes have been known to 

■ Loe. eU., p. 132. 
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cause denlh. The effect on tbe huioan system of the continued 
iiae of meat contaiuing nitre has not yet been detenuiocd. 

Influence of Salttqg on Socteria.— From the eiperimenta of 
Forster * it appears that the streptococci of erysipelas, the bacilli of 
swine erysipelas, and Streptococci pyogenes can live for weeks, and 
even months, in salted flesh. The bacilli of tuberculosis retain 
tlieir virulence for over two months, and while tbe bacteria of 
anthrax perish in from eighteen to twenty-four hours, their spores 
retain their vitality tor a very long period. 

Influence of Salting on the PleBh, — Volt's analysis* tends to 
show that the nutritive value of ficsh is only slightly diminished 
after fourteen days' salting. He found the percentage loss to 
be — Water, 10-4; organic matter, 21; albumin, 1-1; estntA- 
tives, 13'5; phosphoric acid, 8-5. "The amount of salt taken up 
by 1000 grammes of the fresh flesh was 43'0 granunes. 

E, Polenske,t however, found that beef, after being pickled 
for three weeks, had lost 7'77 per cent, of its nitrogenous con- 
stituents, and 3472 per cent, of ita phosphoric acid. After throe 
months the loss iu nitrogen was lO'OS per cent, and tbe loss 
of phosphoric acid (P^O^) 54 -46 per cent., while after six months 
these figures had risen to 1378 and 54-60 per cent, respectively. 

From this Poleuske concluded that the meat was completely 
altered in character as a nutrient substance. Moreover, on 
account of the large amount of salt, it caunot he used as a 
substitute for fresh meat for a continued period without injurious 
effects. 

Strohmer { gives the following comparative analyses of the < 
position of fresh and salted herring, and of salted anchovies ;— 





W»Ur. 


Snbaliiicoi 


Fat. 


A«h. 


Sodium 


Fresh Herrtug, 
Salt Herring. 
Salt AnohoTiBB, 


80-71 
46-3 
67 '8 


lOlI 

18-9 
22 '8 , 


7-n 
la-s 

23 


2-07 
lfi-4 

237 


20-0 



The Composition of the Pickling Fluid — !n Poletuike's eipcri- 
meuts this liiiuid contained nitre and salt, and as the pickling 
proceeded, the nitrate became reduced to nitrite and ammonia. 

Geriadj§ gives the following analysis of an old herring pickljug 

• Ostertig, tM. eil., p, 528. t Jahrttber. XahT. v. Oenumm., 1H91, p, iO. 
J i-K, at., p. I3S. S Sandtnmh dtr FhiidJctHide, p. 898. 
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fluid: — Water, 74-40; sodium chloride, 2278; ammonium lac- 
tate, 068; soluble proteid Bubatanoea, 0-820; other orgauic 
matter, potassium sulphate, and calcium phosphate, 1-352 per 
cent. HofibuuiD * and Werthe also found volatile baeea, such as 
trimethyl amine and propylamine. The pickling liquid, from 
whatever flesh originating, is often very poisonous to animals. 

Caviar. — This is the salted roe of the sturgeon and of other fish. 
It is prepared by washing the roe with salt water, leaving it in 
brine for some time, pressing it to remove foreign substances, 
again treating it with salt water, pressing it through a hair sieve, 
and Goally packing it in salt. In the fresh state caviar is of 
a greenish shade, which gradually darkens on keeping. 

The most prized is the Astrachan caviar, which is prepared at 
the mouth of the Volga. The German Elbe caviar contains 
smaller granules, and is prepared from different kinds of fish. It 
has a sharper taste than the Russian caviar. There is also an 
American variety, which has small granules, and contains more or 
less gelatinous matter. 

One of the best kinds in commerce is the Saxony canar, which 
is packed in linen, and is less salt than the others. The poorer 
varieties are pressed and salted, and sold as 'pressed caviar ' or 



Composition. — From the analyses of Gobleyt and of Eonig,^ 
aviar has the following proximate composition : — 





WMar. 


NHto- 
Snb- 


Fit 


^s-r 


Ajh. 


Dt; Sulirtum. 


M.mb. 


Fit. 


(ea. 


CrUr, . . 
Pr-wdovUr, 


IS'13 
48-8» 
S0-S9 


20-68 
80-79 

10-38 


H-E7 
16-86 
18-90 


4 1« 
1-87 


6-68 

8-09 
0-S8 


64 '89 

68-88 


34-02 
27-36 


878 
9-36 



Exeaninaiion of Caviar, — W, Miebel g gives the following as the 
characteristics of good caviar: — 1. The colour should be grey 
or black; 2. The size of the eggs varies from 2 to 3-5 mm. ; 
3. There should be no smell, although an acid smell is frequently 

* BantUmeh der FleiaAtuncU, p. 898. 

i Strohmci, Du Bniakrvngde4 ilauchen, p. 143. 

} AiiArun^ OtnimmiU., IL p. 128. 

I ZeO. Fltiaek u. Milcii Hyg., 1SS3, I. p. 6. 
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to be observed in commercial varieties; 4. Foreign substances 
must be absent, such as hair or sand, due to careless preparation, 
or oil and sago, fraudulently added. 

The best caviar is neutral to litmus paper, but the poorer kinds 
are usually acid. The latter also frequently contain traces of free 
ammonia, hydrogen sulphide, and free fatty acids. 



Preservation by Smoking. 

The process of smoking preserves flesh partly on account of the 
drying action of the heat and partly through the antiseptic action 
of some of the substances in the smoke, such as creosote, formal- 
dehyde, and pyroligneous acid. According to Marasse, the creosote 
in wood smoke consists of a mixture of C^HgO^, CgH^^Oj and 
CgH^2^2* ^^ coagulates the albumin of the meat, forming a pro- 
tecting envelope. The best wood for the production of the smoke 
is beech, while pine and fir are quite unsuitable, on account of the 
resins they contain. There is no loss of nutriment, such as occurs 
in salting, and Strohmer * found that smoked meat was as digestible 
as fresh meat. 

Methods of Smoking. — There are two chief processes of smok- 
ing : — 1. The flesh is slowly smoked for twenty-four hours at 
25** C, or in the case of sausages and fish at 70** C, and then for a 
short time at 100' C. ; or 2. The flesh is placed directly in the 
hot smoke. 

Beu t examined a large nimiber of diffierent commercial smoked 
meat products, and found that those prepared by the slow process 
contained many more micro-organisms. Intermittent smoking is 
bad, since it favours decomposition. 

Action of Smoke on Bacteria. — Serafini and Ungarot proved 
that smoke acts very energetically on pure cultivations of bacteria. 
The bacilli of anthrax and staphylococci perished in two and a half 
hours at the outside, hay bacilli in three and a half hours, and the 
spores of the anthrax bacilli after eighteen hours. 

On treating flesh infected with anthrax in the same manner, it 
was found, however, that the bjicilli in the interior of the flesh did 
not perish, since the smoke could only penetrate very slowly 'on 
account of the coagulation of the albumin. Hence the conclusion 
arrived at was that smoking checks the development of bacteria, 
but does not destroy them. 

Forster J met with the same experience in the case of the bacilli 

* Die Emahrung des Jfenscherif p. 135. 

-t- Ostertag, Handb. der Fleischbeschau, p. 628. 

t Ostertag, loc cU,, p. S84. 
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of tuberculosis, which he found were etill virulent, after the fleeh 
which contained them had been both salted and smoked. 

Compogition of Smoked Flesh.— Strohmer* gives the subjoined 
analyses of various kinds of smoked flesh : — 





Wat«r. 


Nitrogenous 
Snl»t«DC«B. 


Fat. 


Aak 


Ham, ordinary, .... 

,, WutplulisD, . 

„ OxTongoe, . 

„ HeTTlng. . . . 


M-7S 
27 '88 

36-74 
64 'IS 


25 -OS 

23-97 

2710 

2<-31 

. 21-12 


S-11 
88-48 
16-86 
81-81 

8-GI 


7-08 
1007 
10-69 
8-51 
1-24 



The following analysee of smoked and salted meat and fish are 
taken from Eonig t : — 





Water. 


Nttro- 


Tat 


Ad>. 


BodlDm 


On D17 Snbitance. 


NItra- 

SI 


Fat. 


Nltro. 
geo. 


Smokad Hor«ef!«ti, . 

WwtphalUn Ham, . 
Amencui Bacon, 

Smoked Qooii'Breut, 


49-15 
28-11 
S-1G 
10-70 
41 'SG 


31-84 
24-74 
9-72 
2-82 
21-45 


8-49 
89-46 
75-75 
77-80 
31-49 


12-63 
10-64 
5-38 

6-eo 

4-66 




62-61 
34-41 
10-70 
2-91 
36 67 


12-78 

60-59 
83-38 
87-12 
63 89 


10-02 
6-50 
1-71 
0-47 
6-86 


Hack6nil(m«iDot4}, 
Hemog ( „ 8), 
Salmon ( „ 2), 


44-45 

48-23 
61-48 


19-17 
18-90 
24-19 


22-48 

18-89 
11-88 


lS-fl2 
16-41 
12-04 


11-42 
14-47 
10-87 


34-84 

36-27 
49-88 


40-10 
81-20 
S4-44 


6-64 
6-61 
7-08 



Inflaence of SmoUng on the Flesh. — During the process of 
pickling and smoking the colouring matter of flesh undergoes 
alterations, as may bo observed with the spectroscope. Utescher J 
found that smoked ham and Hamburg smoked flesh had invariably 
an alkaline reaction. 

The Composition of American and Dutch Bactm.— Kaiser was 
unable to find any difference in the composition of these kinds of 

t Loc. cU., i. pp. 208 and 228. 
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bacon. Lutz,* however, from the results of his oomparative 
analyses, came to the conclusion that there was a considerable 
difference, and gave the following figures as representative of their 
composition : — 





Water. 


Nitrogenons 
Matten. 


Fat. 


Aih. 


American Bacon, 

Dutch Bacon, .... 


9-0 
12-0 


9-0 
14-5 


71-6 
63*5 


10-6 
100 



Preservation by Heat-Sterilisation and Ezdusion 

of Air. 

A very large number of processes may be grouped under this 
head, but all are based to a greater or less extent on that devised 
by Appert in 1809, in which the provisions were heated in earthen- 
ware vessels and protected from subsequent infection by hermetic 
scaling. In some of the later patents the air in the vessel is 
replaced by an inert gas such as nitrogen or carbon dioxide, but 
such methods as these seem unlikely to replace the simpler ones 
in use. 

Canned Meats. — Modifications of Appert's process have been 
used for the preservation of almost every description of food, but 
especially for fruit, meat, and fish. Cans are employed to a much 
greater extent than glass or earthenware, owing to their greater 
strength, and the r(^iness with which they can be made air- 
tight. 

In the large American factories, steam retorts are used for the 
sterilising, but, in the smaller factories, the cans are immersed in 
boiling water or in a salt bath. A small hole is left in the cover, 
and, after the sterilisation, and while the can is still filled with 
steam, this is closed with a fragment of solder. Finally, the cans 
arc left for a week, and are then tested by striking each on the 
head with a wooden hammer. If the cap sinks down slowly, the 
process has been properly carried out, but if it is elastic and 
springs back, it is what is termed a ' swell-head,' and is rejected. 

Preparation of Corned Beef. — In the preparation of this, finely- 
divided flesh, freed from sinews and fat, is pickled in vats, and, 
when salted, is cooked and packed by means of steam pressure 
into cans, which are immediately sealed. After standing for 

* Jahruher. Ndhr. Genuism,, 1891, p. 40. 
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three to six hours in hoiling water, the cans are pierced to allow 
water and fat to escape, again soldered up, and again placed in 
boiling water for aeveral hours. 

Camposition of Canned Meats. — Konig gives the following 
table of the percentage composition of some well-known canned 





























Wmler. 


S" 


Pit. 


Aih. 


Mttro. 
■huica 


Pit. 


Nitro- 
gen. 










f 21-07 ) 








America MMt, lalttd, 


49-11 


28-87 


0-18 


i (NaOl 

I n-62) 1 

8'S 


5S'78 


0-86 


9-08 


Prapired by Wil«,ii, , 
kCo., . 


67-8 


28 9 


10-2 


87-68 


23-76 


10-83 


4S-2 


26-7 


21-6 


8-6 


50-68 


42-62 


8-06 


BronghMi, 


48 'S 


27-7 


16 -0 


4-4 


64 '21 


3718 


8-87 


AnttKlun, ? . 


H08 


29-81 


12-11 


4-66 


83-76 


26-3* 


10-20 


Pw«ed corned bwf, . 


61 -B 


83-8 


8-4 


2-e 


78-42 


14-85 


12-65 




B7-7 


31-5 


7-3 


8-6 


74-47 


17-62 


11 -Bl 




es-s 


26-9 


11-8 


8-5 


82-8ii 


28-64 


10-05 


HnnoflO, . . 


C5-80 


29-OS 


11-M 


3-60 


86-64 


26-10 


1066 


Tongo., . . . 


S4-8e 


16-3E 


16-14 


2'S4 


48-84 


43-08 


6-89 


CftlirotniMi ulmon 
















(mew of 3), . . 


81-78 


20-lfl 


15 -S8 


2-38 


63-42 


40 36 


8-56 



Warden and Bose • aualf Bed a number of representative speci- 
mens of canned beef and mutton, and compared their resutta with 
the figures given by Kdnig for fresh meat (c/. p. 47), 

With seven brands of different manufacturers they obtained the 
following results :— Water, 49-06 to 57-35; fat, 10-34 to 22-08; 
nitrogen, 3-93 to 4-66; total aab, 0-62 to 436; soluble asb, 
0189 to 4-176; chlorine, 0-112 to 2-65; phosphoric acid (PjO.), 
0-308 to 0'402; potassium oxide, 0-136 to 0-434; sodium ozicle, 
0-117 to 0-963 ; extracted by boiling water, 535 to 10414 ; and 
nitrogen in boiling water extract, 0-90 to 1 - 1 per cent. 

The albuminous substances (K x 6-25) in the anhydrous flesh, 
freed horn all visible fat, are compared is a table with those of 
freah meat: — 

* Chtmieal ytm, 1890, 71, pp. 291 and 304, 
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Average of Canned Beef Samples, . 
,, Mutton, 
Fresh Cow and Ox Flesh, 

„ Mutton, 
all Canned Samples, 
all Fresh Meat, 



Per cent Alba- 
minoos Substuoei. 
87-06 
87-19 
98-94 
98-81 
87-12 
98-87 



From these analyses Warden and Bose came to the conclufflon 
that the nutritive value of canned meat is considerably less than 
that of fresh meat, this difference being partially due to the salt 
which was present in large quantity in some of the canned meats. 

Sardines in Oil. — In this method of preservation the air is 
excluded by immersing the fish in olive oil. According to Konig 
the fish, from which the oil has been removed by pressing it 
between folds of filter paper, has the following composition (mean 
of three analyses) : — 



Water. 


Nitrogenous 
Substances. 


Fat. 


Ash. 


63-64 


25-90 


11-27 


900 



On the Dry Substance. 


Nitrogenous 
Substances. 


Fat. 


Nitrogen. 


36*49 


28-01 


5-84 



Maljean* gives the following as the composition of sardines, 
which had been preserved by Appert^s process without the use of 
oil or sauce : — 



Water. 


Nitrogenous 
Substances. 


Fat. 


Ash. 


67-60 


28-40 


8-07 


6 03 



* Etv, irUemcU, de$ Fal$i/,, 1894, p. 138. 
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Occasionallj a red coloration of sardinea, preserved in oil, may 
be observed. This, according to AuohiS,* is due to a chromogenic 
bacillus, vhich is found in targe numbers on the sardines before 
presenration. It ia distinct from B. prodigioius, and is non- 
pathogenic. 

The Ezumnatioii of Canned Meats. — On opening the tins no 
gas should be found, and the jellj surrounding the flesh should 
be solid. If liquid, it indicates dotomposition. 

Collection of the Qaie*. — The method described by Doremua t 
will be found suitable for the collection and examination of the 
gases in imperfectly sterilised goods. 

A hollow, bevelled steel needle is fixed in the upper arm of 
an adjustable clamp with its 
point pausing through the hole 
of a rubber cork, which rests 
upon the top of the can. The 
upper part of the needle is con- 
nected by means of a capillary 
tube with agas burette or nitro- 
meter filled with water or mer- 
cury. The can, which is held 
between the lower arm of the 
clamp and the rubber cork, is 
then punctured by tumiog the 
lower screw until the needle 
pierces the top. The rubber 
cork makes a tight joint round 
the needle, and the gases escape 
gently into the eudiometer, 
where they are measured and 
analysed in the usual way. 
From 60 to 80 c.c. of gas may 
sometimes be collected. Dore- 
mus states that when there if 
putrid odour, carbon dioxide 
forms the chief constituent of the mixed gases. In other cases 
hydrogen predominates, there is no offensive smell, and bacteria are 
absent, whilst there are indications of the corrosion of the inner 
metallic surface. Hydrogen has also been found without dis- 
tinctive signs of corrosion. Occasionally the can is discoloured, 
as though traces of hydrogen sulphide had been formed, and the 
reactions of the metals may be obtained with the contenta of such 
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Tlie Cliemieai Eeaeiion of Canned Ftfsh. — Aocording t* 
Uteactier* the flesh preserved in cans often haft an alkalina 
reaction, nithout the flesh being is aiiy way decomposed. Thw 
is noticeably the cum with canoed lobeteis, and the point is ont* of 
considerable importance, since tbe alkaline liquid dissolves some of 
tlie metal from the interior of the can. To prevent this certaia 
manufacturers line the interior with a silicate enamel, or with 
tough parchment paper. 

i'oinmUng by Canned Goode. — From time to time cases of illnesa 
are reported, brought on by eating canned food, though snch 
cases are rare, if the enormous quantities of this class of food 
annually consumed arc taken into account. When they do occur 
they may be due to decomposition of the flesh, through imperfect 
HterilisRtiou and the consequent formation of ptomaines (c/. p. 222), 
or the flesh used may itself have been poisonous, as is sometimeai 
the case with fresh meat and, more often, with fish {ef. pp. 317— 
220); or it may be due to metal from the interior of the t 
disBolved by tlie liquid present, or from careless soldering. 

Metallic Oontaminatum of Canned Qoodii. — There appears to be 
Uttle doubt from the work of various chemists that all kinds of 
canned articles are liable to metallic contamination, the degree 
depending to a large extent on the length of time the food has 
remaiued in contact with the metal. Van Hamel Roos t in fcct 
advocates that no tins should be employed for the preservation of 
food without an interior protective lining of some description. 

The different metals are tested for by the ordinary quali- 
tative methods in the ash obtained on calcining portions of the 
fiesh, 

Tin. — 0. Hehner I examined a large number of tinned 
animal foods, and discovered tin in almost all. In a 
1 lb. tin of soup the quantity was 0-035 gramme, and ii 
preserved oj-stera (1 lb.) 0045. In the case of hard 
meats the metal was found principally on the surface of 
the food. In some instances the interior of the can wa« 
discoloured or blackened, but in others it was still 
bright, notwithstanding the fact that an appreciable 
amount of tin had been taken up by the food. 

In van Hamel Roos' communication^ the occurrsioe 
and Bignificanee of this metal in preserved foods is fully 
discussed, with references to the results of previous 
workers, Kayser of Kuremherg has recorded cases of 
poisoning through eating preserved eels which were sub- 
sequently found to contain 019 per cent, of tin, and \a 
■ ApctK. Ztff., 1804, p. 705. i Abatraot in Analga, 1895, p. II 

: AnaliiU, 1880, p. SIS. { ApaA. Zlg., 1BB4, p. 7llS. 
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a case in whicli 270 suldiers were poisoned by canned 
lettuces and meat, Bettink of Utrecht found from 0'19 to 
0*72 per cent, of tin in the food. In a tin of beef 
eight years old containing 970 grammes, van Hamel Rocs 
obtained 77 milligrammes of stannic oxide, and all the 
other articles vhich he examined were more or less con- 
taminated. In a can of asparagus thirty-one years old, 
the coating of tin had beeu completely dissolved off the 
metal. 
Lead. — When this metal is found in canned provisions it is 
usually derived from the solder of the can. A. Mayer" 
found in the ash of the meat from three tins of corned 
beef 0-099 gramme, 0-026 and 0027 gramme of lead. In 
the Public Laboratory at Karlsruhe a slice of corned 
beef 1 cm. thick, veighing 145 grammes, was found to 
contain 0-09 gramme of metallic particles, whilst 001 
gramme of 1^ was found in the ash. Similarly in 
a tin of ham 0-13$ gramme of leaden particles were 
discovered. 

In carefully soldered tins of American manufacture, 
Gautier could not, however, detect any lead in the food, 
and^.the chance of its occurrence is considerably lessened 
hy soldering the tin ooly from the outside. 
Copper. — This may originate from the use of copper vessels 
in the preparation of the food for canning, or it may 
have been present as a normal constituent of the food. 
For instancy Harvey states that in his experience copper 
is widely disseminated in shellfish, and that he has always 
connected the delicate pink colour of the ova of salmon 
with the presence of a reiy minute quantity of copper. 
Hehner, too, found a small amount of copper in tinned 
oysUrs (c/. p. 68). 
Baderiologieai Examination of Tinned Meal. — This is carried 
out by the general methods given on p. 265. A simple micro- 
scopical examination is also of considerable importance, and note 
should be taken whether the muscular fibres still show their cross 
etriations, or whether there is any coloration due to bacteria. If 
a large number of bacteria are observed it h probable that old or 
diseased fiesh was used, and the presence of poisonous substances 
(toxalbumoses) is then not improbable. 

Potted Meats. — The following results were obtained by Konig 
and Sollscher t in the analysis of different varieties of food pastes 
and potted meats manufactured by Crosse & Blackwell in lUSi, 
* KSnig, DU Mcachlichai JVo&r. u. Qettusim., ii. p. 155. 
t L<x. cU., L p. ^33. 
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with the exception of the pdte de foie gras, which was procured 
from Strassburg : — 





Water. 


Nitrogenons 
SubstAZices. 


Fat 


Nitrogen- 
free 
Extractives. 


Ash. 


Sodium 
CUoflde. 


Pat^ de foie gras, 
Potted beef, 
Potted ham, 
Potted tongue, . 
Potted salmon, . 
Potted lobster, . 
Anchovy paste, . 


46-04 
82-81 
25-57 
41-52 
37-64 
51-33 
36-81 


14-59 
17-17 
16-88 
18-46 
18-48 
14-87 
12-33 


33-59 
44-63 
60-88 
82-86 
36-51 
24-86 
1-59 


2-67 
8-86 
• • • 
0-46 
0-70 
4-04 
5-18 


3-11 
2-03 
6-78 
671 
6-67 
4-90 
44-09 


0^ 

6-72 
5-98 
5-66 
0-38. 
40-10 



Preservation by Chemical Antiseptics. 

Leaving out of the question the antiseptic substances which are 
employed in smoking and salting flesh preparations (salt, nitre, 
etc.), the number of chemical agents which have been used as meat 
preservatives is very large. Fresh meat and fish, potted meat, 
canned goods, hams, and sausages are often found to have been 
treated with some antiseptic or other, or with a mixture of several 
substances, with the object of increasing their keeping qualities. 

As to the advisability of this practice various opinions have been 
brought forward on each side. Although a preservative is a lesser 
evil than incipient putrefaction, there can be little doubt but that 
the continued use of food containing such substances has an injuri- 
ous effect on the consumer. Moreover, in the case of meat, it 
would seem from Bersch's experiments (cf, p. 122) that the treat- 
ment of fresh flesh with antiseptics only preserves it superficially, 
and lulls the purchaser into a false sense of security. 

From time to time the results of experiments are published 
showing that this or that preservative does not interfere with the 
action of the peptic or pancreatic enzymes in artificial digestion 
experiments ; but such experiments do not show that the secretion 
of the fluids by the glands in the body is not weakened, or that the 
absorption of the digested substances by the system is not inter- 
fered with. Under the present state of affairs it is possible for a 
dealer to add what quantity he pleases of these antiseptics, and 
thus tliere is considerable reason for the opinion of the majority of 
the medical men consulted on this subject by the Lancet,* that if 
preservatives are to be allowed in food, it should be made compulsory 
for the vendor to declare the nature and amount of the compound 
used. 

• Lancet, 1897, pp. 50-60. 
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Kammerer analysed twenty-four varieties of meat proservatiTes, 
and found they could bo classified into four groups, containing — 
1. Common salt and nitre; 2. Sodium aulphatej 3. Boric acid 
or borax ; and 4. Borax and sodium sulphite. 

Among the ohemical substances wbii^ have been used or recom- 
mended for the preservation of &esh are the following : — Sulphur 
dioxide, various sulphites, bisulphites, sulphates and hisulphates ; 
boric acid, and various borates ; fluorides, fluosilicates, fluoborates ; 
chlorides (besides common salt) ; nitrates of various metals ; alum, 
lime, sodium carbonate, formaldehyde, chloraldehyde, acetic aoid, 
sodium acetate, benzoic acid and beiizoates ; salicylic acid, sodium 
salicylate, ethylidene, lactic acid, etc. 

Of these compounds, boric acid and borax, salicylic acid and sul- 
phites are the most frequently met with. 

Boric Add and Borax are very widely employed for increasing 
the keeping properties of hams and fish. According to Jean,* 
borated hams are extensively imported into France from England 
and America. To preserve fish, boric acid is used in the proportion 
of 3 grammes per kilo.t 

Mitscberlicb has described the toxic effects of boric acid. It is 
a cumulative poison, and, according to le F^r^ is eliminated from 
the system but slowly, having been detected in the urine forty or 
fifty days after it had been taken.* Boric acid does not appear to 
interfere with the process of peptic digestion, so tar as can be con- 
cluded from artificial experiments. X 

There have been numerous cases of flesh poisoning in Switzer- 
land through meat preserved with borat«s, which have not acted 
as complete preservatives, but have only masked the incipient 
putrefaction. § 

Detection of Boric Acid in Flesh. — Hafelia || recommends the 
following method : — 10 grammes of the finely divided flesh (freed 
from fiit as completely as possible) are warmed for about one 
minute with a mixture of glycerin, 2 c.c. ; alcohol, 4 c.c. ; and water 
(just acidified with HC1), i c.c. ; and the liquid filtered and tested 
with turmeric paper in the usual manner (brown coloration, turning 
black on addition of ammonia). As a confirmatory test the residue 
left on incineration may be moistened with sulphuric acid and 
methyl alcohol, the flame on ignition having a green tint in the 
presence of boric acid. 

The D^erminaiion of Boric Add in Flesh. — The following 
method is recommended by C. Freseniua and G. Popp IT ; — Ten 

• Bn. dt Chim. Ind., 1897, p. 289. ~ 

J Awdy/l, 18S1, p. ISft i Cnpn, iUd., IS 

I JahreAer. Nahr, Gentutm.. 1896, p. 78. 

H ZtU. Fltitekn. Mikh Byg., 139S, p. 18S. 1[ Abstract, Antdytt, 1897, p. £82. 
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grammes of the finely divided substance are triturated in a mortar 
with From four to eight times the qiiautity of calcined sodium sul- 
phate, the mass heated on the water-bath, and, when dry. finely 
pulverised after the addition of more sodium sulphat«. It is then 
digested m 100 c.c. of cold methyl alcohol for twelve hours, with 
frequent ahaking, and the alcohoHo extract distilled. As a rule 
the whole of the boric acid passes over with the alcohol, but it is 
advisable to repeat the estraction and distillation, using 50 cc of 
methyl alcohol. The distillates are made up to 150 c.c, wttli 
methyl alcohol, and the boric acid determined in 60 c.c. by adding 
75 c.c. of water and 25 c.c. of pure glycerin, and titrating with 
N/20 sodium hydroiide solution, with pbenol-phthalein as indicator. 
As Booii as a pale rose coloration is obtained more glycerin is 
added, and if the colour disappears the titmtiou is continued. The 
number of c.c. of alkali used, multiplied by 0*0031, gives the 
quantity of boric acid (HgBO,) in the liquid titrated. If borates 
are also present in the substance they 8ho^lld be left in the i-eHdue 
from the distillation, and can usually be extracted with methyl 
alcohol from the mass after incineration. 

0. Hehner * mixes the substance with methyl alcohol acidified 
vith sulphuric acid, and collects the boric acid distilling over with 
the alcohol, in a solution of sodium phosphate of known strengtlii 
ei-aporatea the liquid to dryness, and weighs the reaidue. 

K. Thadd^eft recommends a gravimetric method, in which the 
boric acid distilled over with methyl alcohol is fixed and weighed 
as potassium borofluoride. The distillate is received in a platinum 
basin containing a lOpercent. solution of pure potassium hydroxide, 
and when four sticcessive portions of 10 c.c. of methyl alcohol 
have distilled over is concentrated to half its volume on the 
water-bath. An excess of pure hydrofluoric acid is then added, 
and the evaporation continued until only a taint smell of hydro- 
fluoric acid is pcr«eptible. When oool, 50 c.c of a solution of 
potassium acetate (sp. gr. 1~14) are added, and the basin allowed 
to stand tor one or two hours, its contents being frequently stirred 
with a platinum rod. The insoluble substance is collected on a 
weighed filter paper, which baa previously been moistened with 
alcohol and dried at 100* to 110 C. The filter and its contents 
are washed with alcohol of specific gravity 0-805, of which from 
02 to 72 c.c. are ueually required, and are then dried at lOO'to 
110° C. for three hours and weighed. 

Stil[^ur Dioxide and Sulphites. — Sulphurous acid and its salts 
are very widely employed in the preservation of meat product*, 
and enter into the composition of very many of the meat preserva- 



• AnahjsC. IBSI, p. H2. 



+ ZeiL anal. Ch«m., 1897, pp. S 
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tives with fanciful names now in the market. They all have a 
powerful germicidal action. 

As to their physiological action various statements have been 
made. Polli* found that 8 to 12 grammes of sulphites were not 
injurious to adults, while others found that children could take 
1*8 gramme per day without ill effects. On the other hand, 1 
gramme of magnesium sulphite has been found in certain cases 
injurious to women, causing disorders of the stomach (Bematzik 
and Braim). 

As an instance of the extent to which flesh preparations arc 
treated with sulphurous acid and sulphites, it may be mentioned 
that Fischer t found that 50 per cent, of the preserved meat pro- 
ducts (sausages, etc.) sold in Breslau in 1895 contained sulphites, 
the quantity of sulphur dioxide in the meat varying between 0*01 
and 0*34 per cent. 

Action of Stdphurous Acid on Flesh. — Sulphurous acid and its 
salts, especially calcium bisulphite, appear to have a considerable 
action on muscular fibre, altering the normal condition of the 
flesh. According to A. Riche,| this action proceeds at the ordi- 
nary temperature, and causes changes in the soluble proteid 
substances. 

An addition of 1 per cent, of a sulphite to the flesh is not per- 
ceptible either to the taste or smell. On cooking the flesh the 
sulphite is only partially decomposed and expelled. 

Detection of Sulphurous Acid. — To detect sulphur dioxide in 
flesh H. Eammerer § places a sample on a moist strip of potassium 
iodate starch paper, and moistens the flesh with sulphuric acid 
(free from oxides of nitrogen). In the presence of sulphites a 
pronounced blue colour is immediately obtained, whilst pure flesh 
only gives at most a feeble coloration after a considerable time. 
Salted flesh or flesh containing nitre cannot be tested in this way, 
since by the action of the sulphuric acid substances are set free (HCl, 
and nitrous acid from nitrites present in the nitre), which liberate 
iodine from the iodate. In many cases it is possible to recognise 
the smell of sulphur dioxide on simply mixing the flesh with 
dilute sulphuric acid (1 : 8). Kammerer found in the mean 0*0512 
gramme of sulphur dioxide, and 0*1016 gramme of sodium sul- 
phite in 100 grammes of preserved flesh. 

Estimation of Sulphurous Acid in Fiesh]] — A weighed quantity 
of the finely divided flesh is mixed with phosphoric acid, and dis- 
tilled in a current of steam or carbon dioxide, the distillate being 

* Ostertag, Handhuch der Fleischheschau^ p. 580. 

t Fcr$chung9 Ber.^ 1897, p. 26. 

X Joum. Pharm, Chim., 1897. § Forschungs Ber., 1896, p. 257. 

11 B. Fischer, Jahraher, Nahr, u, Oentissm,, 1895, p. 76. 
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collected in aa apparatus contAtniag an excesB of iodine solution. 
After the distillation the sulphuric acid in the distillate is precipi- 
tated with barium chloride in the usual wny. According to 
Fischer, all flesh containing more than 01 per cent, of sulphur 
dioxide must he regarded as injurious to health. 

Salicylic Acid is one of the oonetitueuts of many of the so-called 
' meat-preBervativea,' although iu the case of fresh meat, at any 
rate, its action appears to l>o purely superflcial. Benich * placed 
a portion of the flesh of a recently-killed animal in a conceutniUd 
aijueoua solution of salicyhc acid, and found that after four dayu 
the eiterior of the meat was perfectly sound, whilst the interior 
shoved unmistakable signs of putrefaction, and contained a large 
number of micro-organisms. Hence he came to the coRclunoii 
that the preservation of fresh raw meat by salicylic acid and other 
ordinary chemical antiseptics was not practicable. In fleeh pre- 
pamtioiis such as sausages and potted meat, in which the salicylic 
acid can be distributed Ihroiighout the mass, its germicidal pro- 
perties would obviously l>e more distributed, liut on uccount of 
its marked taste it cannot be used in such quiuitity in meat 
preparations as in some other food substances iu which the flavour 
is concealed. 

Witli regard to the influence of salicylic acid on the huinan 
subject there are diverse o^iiuiuns, but it is significant that 
the Paris Academy of Science forbid even the smallest addi- 
tion of salicylates to food as being liable to cause injury 
where any weakness of the kidneys or digestive organs exista, 

Velerli-m an-l Ustimation of SaHcj/lio Acid in Fleth. — ^The 
finely-divided Uesh is distilled with steam, and the last portions of 
the dbtillate tested with ferric chloride (violet coloration). For 
the estimation the substance is dried, finely pulverised, mixed 
into a paste with dilute sulphuric acid and extracted with ethec. 
The ethereal extract is eva]iorated to dryness, and the rendue 
taken up with water and distilled. The free salicylic acid in the 
distillate is determined by titration with staudEUxl alkali, either 
litmus or phenol-phtbalein being used as an indicator. 

Tlio violet coloration given with iron salts may also be employed 
for the colorimetrical estimation of salicylic acid in the final dis- 
tillate, the colour obtained on the gradual addition of a very 
dilute solution of ferric chloride being compared with that given 
by an aqueous solution of a known quantity of the acid. 

An additional test for salicylic acid is to warm portions of th« 
meat product with methyl alcohol and sulphuric acid, when, in 
t lie presence of tlie antiseptic, the cltaractenstic odour of methyl 
aulicylate will he observed. 

_* Die CantmirunyiniUicl, p. S?. 
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Fonnaldehyde. — During the last few yeara tliis powerful anti- 
septic haa been tried for the preservation of every description of 
food, and although its application has not been very successful iti 
the oaae of flesh, it is still met with in various meat preservatives. 
' Camolin,' for instance, oongiBtB of a 1 '5 per cent, aqueous solution 
of formaldehyde slightly acidified. 

The eflects of the continued use of ' formalin ' on the human 
system have not yet been clearly determined, but its power of 
forming insoluble compounds with proteid bodiea, and its harden- 
ing influence on animal tissues, must of necessity render meat 
treated by it much less digestible if not altogether uneatable. 
Mabery and Goldsmith* found that 02 gramme of formaldehyde 
interfered with the artificial peptic digestion of blood fibrin. 

Effei:t on Meat and Fith. — E. Ludwigt states that formalin is 
not applicable to the preservation of meat products. Ehrlich % 
tried the effect of an 8 per cent, solution of formaldehyde on 
various food substances. Ue found that horse-flesh was com- 
pletely preserved by it, but that the odour developed was so un- 
pleasant that the meat could not be eaten. Beef treated with the 
solutiou was equally preserved, and did not develop this charac- 
teristic smell, but, on the other hand, the meat was only fit to he 
eaten for a short time after the addition of the preservative, on 
account of the chemical changes caused by it. According to 
Bloiam,§ fish treated with formaldehyde becomes so hard as to 
be unsaleable, even when the preserving solution only contains 
1 part in 5000. 

The Detection of Formaldehyde. — The finely-divided meat 
product is mixed with water and distilled, and the distilliite 
tested for the preservative. A very largo number of tests have 
been described, of which the following are a selection : — 

1, A drop of milk is added to the distillate, and the mixture 

poured carefully down the side of a test-tube containing 
strong sulphuric acid, with a trace of ferric chloride. 
A blue ring appears at the zone of contact of the liquids 
in the presence of traces of formaldehyde (but only 
with traces). Acetaldehyde docs not give this reaction 
(Hehner).|| 

2. One drop of a dilute aqueous solution of phenol is added 

to the distillate, and the mixture added to strong sul- 
phuric acid, a bright crimson ring appearing at the lino 
of contact, in the presence of formaldehyde. This 
colpration is perceptible in solutions containing 1 part 

* Jour. AwuT. Chem. Soe., 1897, p. BS9. 

t .Zrit fUUch ». Milch Byg., ISM, p. 193. ; Ibid., 1S9S, p. 933. 

I Anatyt, 1SS6, p. 167. II Ibid., 1896, p. »a. 
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of formaldehyde in 200,000. If more than 1 part in 
100,000 be present, a white milky zone appears above 
the red ring, while in still stronger solutions a pink 
curd-like precipitate is obtained. Acetaldehyde, under 
the same conditions, gives an orange-yellow coloration 
(Hehner).* 

3. Nessler's reagent mixed with solutions of formaldehyde 

gives a brown coloration, or precipitate, which gradually 
darkens and finally becomes dark grey. This reaction, 
which is not given by acetaldehyde, will detect a very 
minute trace of formaldehyde (Mitchell), t 

4. The distillate floated on an equal volume of a solution of 

0*1 gramme of morphine hydrochloride gives a reddish 
violet colour in a few minutes, if formalin be present in 
greater quantity than 1 : 6000 (Kentmann)4 

5. Several drops of a 10 per cent, solution of phloroglucinol 

are added to 10 c.c. of the distillate, the mixture shaken, 
and a few drops of a solution of potassium hydroxide 
added. A red colour is obtained in a solution containing 
as little as 1 part of formaldehyde in 20,000 (Jorissen). § 
Tlie Estimation of Formaldehyde, — Owing to its power of com- 
bining with proteid substances to form insoluble non- volatile 
compounds, it is practically impossible to determine the exact 
amount of formalin added to a meat product, and the amount 
obtainable by distillation decreases with the lapse of time. 

One of the simplest methods of estimating formaldehyde in an 
aqueous solution is based on the fact that it combines with 
ammonia to form hexa-methylene-amine — 

6CH2O + 4NH3 = (CH2)eN4 + 6H2O. 

A known volume of the solution is shaken in a stoppered bottle 
with an excess of standard ammonia, the bottle allowed to stand 
for several hours, the uncombined ammonia distilled over into 
standard acid, and the latter titrated back. A correction is made 
for the acidity of the solution previously determined by titra- 
tion with standard alkali. 

H. Smith describes a method of determining formaldehyde by 
oxidation with potassium permanganate, || and Romijn discusses 
the accuracy of the various methods of estimation, and describes 
two new processes. IT See also a paper by R. Orchard (Analyst, 
1897, p. 4). 

♦ Analyst, 1896, p. 96. t Pnd,, 1896, p. 98. 

X rbid,, 1897, p. 106. § Ibid., 1897, p. 282. 

II Ibid., 1896, p. 148 ; 1897, p. 6. t Ibid., 1897, p. 221. 



CHAPTER VII. 

THE COMPOSITION AND ANALTSIS OF SAUSAGES. 

In this country ouly two or three kinds of sausages are manu- 
factured, but on the Continent, and especially in (Germany, where 
the sausage may be regarded as a national dish, there are many 
varieties prepared by different recipes. 

German Sausages. — ^The chief kinds of German sausages, as 
described by Konig* and by Merges,! are : — 

Bed Sausage {Rothvmrst^ Buntwurk), — Pork is boiled for about 
three-quarters of an hour, flavoured with salt, pepper, pimento, 
etc., and after admixture of not too great a proportion of warm 
fresh blood, placed in the skins and boiled. The English black 
puddings have a similar composition. 

Magenumrst. — This is very similar in composition to rothwurst^ 
but contains less blood and rather more fat. The sausage mass 
is finally packed in a cleansed pig's stomach. 

Zungeniumret is composed of tripe, pig's head, and fat pork from 
a young pig, finely minced and mixed with a small quantity of 
pig's liver and some pig's blood. 

Bluiwurgi is composed of bacon and pork, sometimes with the 
addition of heart and kidney, and with or without flour. It is 
mixed with about an eighth of its weight of fresh pig's blood, 
and boiled. 

Lungenhlutvjur«t differs from the preceding sausage in contain- 
ing finely minced lung. 

Leherwilrste^ or lAver Sausages^ are prepared from pigs' or calves' 
livers, thoroughly cleansed from blood, and mixed with a certain 
proportion of lard and pork, and cooked. The constituents 
and the proportions vary in the different kinds of liver sausage, 
such as Mecklenburg leberwurst and Brunswick leberwurst. 

Geliinij or Brain Sausage, consists principally of calves' brains 
and pork. 

* Die MenaeMiehen Ndhr, u, Oenussm,, iL p. 161. 
t H^urat vmd FUischtoaaren FabrikatUm. 
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Preaskop/ivurd ia largely composed of pickled and boiled pig'a 
head. 

Mosaik Sausage is a mixture of pork and beef, with spices, etc 

Ab/allbltitwiirst is made from sioewa and biitohera' refuse, with 
bacon and pig's or ox blood. 

SchwarlemnurH nnd SuUenwursl conBiat of lightly cooked ua- 
salted ham, together with skin, etc,, boiled soft, and a little 
blood. 

Brattmirgt ia prepared from fresh raw pork and ham, with aolt, 
pepper, etc., and sometimes contains lemon-peel or cumin. 

Cervelaticiiret is prepared from pork and lurd, often with the 
addition of beef or hoiae-flesh. This sausage ia often coloured 
with fucbwn. 

The Itnlion Salamifnun-t is manufactured from beef or pork, 
and is coloured wiih red wine. 

Knadteurd, or cracking-Sausage, ia a hard, smoked sausage, 
about Ifi cm. in length, with the same compoeition aa eervelat- 
teuTtt, but differing in the flesh being previously cooked. Its 
name ia derived from the crackling sound ou breaking the 
sauBOgea apart 

EnoblaucJiKurd, or Garlic Sausage, has the same composition 
03 the preceding sausage, with the addition of garlic 

Frankfort or Vimna Wiirttrken are small sausages about the 
length of a finger, composed of raw, lean pork, eeaaoned with 
salt, pepper, etc. 

ErbsKuret conaiata of a mixture of beef-fat, bacon, pea-meal, 
oniona, salt, and scaiSOuiDg. The pea-meal is prepared by a patent 
process to prevent the development of acidity. These sausages 
formed a principal part of the rations of the German troops in 
the Franco-German war. 

The Table on p. 127, taken from Kitnig's larger list, gives the 
composition of some of these varieties of saiisages. 

English Sausages. — The best kinds of sausages sold in this 
country are prepared from raw meat, auitably flavoured with 
spices, and frequently incorporated with a small proportion of 
bread-crumbs. In poorer districts, however, the amoimt of bread 
or powdered biscuit often esceeda that of the meat. A remark- 
able instance of the eitent to which this practice has been earried 
on was revealed iu a recent case in the law courts, in which a 
baker admitted that the sausages from which he made his sausage- 
rolls contained no meat at all, but were prepared from bread 
coloured with red ochre, and seasoned. 

The innumerable varieties of sausages met with in Germany 
are not manufactured in England, where sausages are usually 
described by the name of the meat they contain, 
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The following reawlts were obtained by the author in the 
aimlyaia of typical English aaufiagBs, costing lOd. and Sd. per lb. 
reafiectively ; but obviously the amount of the different con- 
stituents may vary widely from these figures ; — 
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61-20 
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11-42 
10-46 


4-20 
10'62 


8-84 



BlarJi-puddings arc the English equivalent of the German Blvl- 
wnret. They contain a targe proportion of blood, and undergo 
deconipoaition with more readiness than ordinary sausages. 

Polonff Saiuageg derive their name from a corruption of 
'Bologna,' a town celebrated for its sausages. They contain 
partially cooked pork. A, H. Allen* gives the following analysia 
of a sample of these sausages: — Water, 45'57; fat, 32*66; pro- 
teids, 17-26; gristle, etc., 0-54; starch, 2-30; and ash, 2-80 per 
cent. 

Saeeloya are short, thick sausages, which owe their name to the 
fact of having originally contained brains (French, ' Cendei \ 
At the present time they usually consist of highly-seasoned salt 
pork. 

French Sausages. — The chief difference in tlie manufacture of 
French and English sausages is the enormous extent to which 
horse-flesh is admittedly used (c/. p. 56). In their genernl 
composition they closely resemble varieties found in England and 
Germany. 

Saucwses consist of a skin of pig's intestine filled with raw or 
smoked minced flesh (usually pork), and seasoned with salt, pepper, 
pimento, etc They are termed aatteuaea lottffnea or eaT^cisae* jMiet, 
according to their form. 

SoMciMffite only dilfer from anndeges in being larger, more com- 
pact, and generally more highly seasoned. There Eire many 
varieties, such as Saitdsaont de Lyons, taudssora em, etc. 

Gervelat are large, short sausages containing salted and spiced 
flesh. They appear to be analogous to the English eavehi/t. 

According to L. Baillet,t French sausages are not intended to 



DITESIUKATION OF MOISTURE Df SAUSAGES. 129 

be kept for more th&n a few days. While etill firm to the touch 
aod sound, they gradually acquire on keeping a Bharp but 
not uopleasatit flavour, and are then termed piqyS hy the 
manufacturers. At a more advanced stage of alteration 
the exterior asBumes an earthy tint, and is sometimes per- 
ceptibly moist to the hand, these changes being accompanied 
by the production of an acid and disagreeable odour. This con- 
dition is termed 4chauffi. Baillet states that in the east of 
France, the addition of starch (up to 15 per cent.) is a common 
practice. 

Tbe Water In Sanuges. — The drier a sausage the better its 
keeping properties, but according to Serafini,* the most suitable 
proportion of water is from 35 to 40 per cent. 

The quantity of water which can be introduced into a sausage 
ia a matter of considerable importance. Trillich found that it 
waa possible to add as much as 70 per cent, without rendering 
the sausage unsaleable. The absorption capacity of the muscular 
fibre varies in the case of the fiesh of different animate. Thus it 
is greater in animals which have been regularly fed than in those 
which are rapidly fattened. According to Ostertag,! the propor- 
tion of water which beef ia capable of absorbing can be artificially 
increased by working up the flesh before tbe animal heat has left 
it. Pork, which has a poor absorptive capacity, can be improved 
by being salted with fr«iuent turning, and also by the addition of 
beef or veal. It is usual to add a certain proportion of flour or 
starch to German sausages to increase their power of absorption, 
or their cohesive capacity. According to Lintner, starch can 
absorb 40 per cent, of water without appearing wet. 

H. Trillich,! however, finds that an addition of 8 per cent, of 
starch has no influence on the proportion of water which the 
sausage can retain. He gives the following description of the 
method of preparing Munich aausages : — A mixture of veal and 
pork is finely minced, and from 3 to 6 per cent, of salt and spices 
added. This mass, which contains aboiit 64 per cent, of water, is 
tbe brat. From 1 to 10 per cent, of starch is then added, together 
with sufficient water to give tbe mass the consistency of the 
starch-free brcU. The sausage is placed for twenty to twenty- 
five minutes in water at 70* C., and smoked for one to one and 
a half hours. 

To determine tbe proportion of water to brai, Trillich g takes 
the water in the original brat at 60 to 64 per cent. Asanniing 

* Jalmtbtr. Nahr. OMutn., 1892, p- **• t Xoe- tit., p. B06. 

X Report ofOi* Sixth AsmuMi/ of Bavarian Chtwiittt, 1987, p. VS. 
I Ziil. angno. Chnt., 1888, p. 402. 
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it to be GO per cent., he finds the subsequent percentage addition 
of water in the sausage by the equation 

./. = a-l-5 (100-a-*), 
or in percentage of the starch-free l/ral, by 

lQO[(lQQ-)>)-2-5(100-a-a)] 
^~ 2-6(100-rt-8) 

in which a represents the water actually determined m the sausage 
and » the amount of etarch. 

If 64 be taken as the percentage of water in the brat, the factor 

1-5 becomea 1'78 = ttt ™ the first equation, and 2'5 becomes 2'78 

in the aecoud equation. 

The Specific Gravity. — Kammerer,' finding that the specific 
gravity of sausages rose or feU according to the amount of water, 
attempted to approximately estimate this constituent by deter- 
mining the specific gravity. In practice, however, he found this 
impracticable, since the space left on expelling some of the water 
during the smoking and diying became partially filled with air, 
which interfered with the accurate determination of the density. 
He gives the following figures as representative specific gravi- 
ties:— Pork, 1-0611; beef, 1-0731; Over and blood sausages, 
1-0350-1 -0373; Frankfort liver sausage, 1-0266. 

The Setenmnatioii of Flour or Starch in Sausagee. — In some 
couatries an addition of starch to sausages is altogether forbidden. 
Thus, in Austria, it is only permissible to add a Diuall quantity to 
Augsburg sausages, while there must he no addition toothermeat 
sausages. In this country, as there is no regulation on the 
subject, the cheaper kinds of sausages are frequently composed 
of n large percentage of bread ; and in a recent policeKX)urt case 
evidence was giveu by an apprentice to the eS'eek that he liad been 
taught how to make sausages entirely of bread crumbs, coloured 
and flavoured to imitate meat. 

Qualitative Teet for Starch. — A thin section of the sausage is 
tested under the microscope with a drop of iodine solution, or a 
small portion of the sausage mass is triturated with water, and a 
drop of the liquid tested. 

Quatdiialiee Mtthodg 0/ Estimating Starfh.—'i. iTidired. Estima- 
tim. — An approxin)at« idea of the amount of starchy substance 
may be formed by deducting from the original substance the 
amount of water + nitrogen multiplied by 6-25 + fat + cnido fibre 

• JUport of at Sixth Jitetnbly of Bavarian Chem-Ms, 1887. 
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+ mineral matter. The difference gives approximately the N.- 
frce extract. 

ii. Inversiim with Malt Extract ar Diastase. — Medicua and 
Schwab * use a malt infusion prepared by digesting 5 grammes 
of malt with 50 c.c. of water for one and a half hours at 20° to 
30* C. Twenty grammes of the sausage material are mixed with 
20 c.c. of the malt infusion, the liquid made up to 100 c.c, and 
left for two hours at 40'-50" C, and then for eighteen hours at 
the ordinary temperature. The liquid is then filtered, the residue 
well washed, the filtrate boiled, and the coagulated alhiimin fil- 
tered off. The deitrina present are inverted by heating the liquid 
with hydrochloric acid, and the dextrose determined gravimetri- 
cally or volumetrically with Fehling's solution, a deduction being 
made for the sugar in the malt extract used. 

G. Amthor t heata a weighed quantity of the sausage with 95 
c.c. of a solution of diastase and 5 c.c. of hydrochloric acid (sp. 
gr. l'12i) in a stoppered bottle, immersed for three hours in a hot 
brine bath. The solution is made up to a definite volume, and the 
sugar determined with Fehling's solution. He makes an allowance 
of about 1 per cent, for the starch in the pepper and other spices. 

iii. Invasion of the Starch by Acids. — According to H. Frick- 
kinger J dilute hydrochloric acid does not invert the whole of the 
starch in sausages, and he therefore recommends digesting the sub- 
stance on the water-bath with sulphuric acid (S per cent.) until no 
precipitate ia formed on the addition of alcohol to the filtered liquid. 

Konig§ extracts 5 to 10 grammes of sausage with boiling 
absolute alcohol and ether to remove the fat. The residue is 
iicated in a Reischauer pressure flnsk for four hours in a glycerin 
bath (130'-140° C), and when cooled to 90° C. the undisaolved 
matter is separated by filtration and washed. The filtrate is made 
up to 2O0 or 250 c.c, and digested for three hours with 10 to 
20 c.c, of hydrochloric acid. After nearly neutralising the liquid 
with potassium hydroxide the sugar in an aliquot portion is 
determined with Fehling's solution. 

From the recent experiments of Sherman || the method of 
extracting the starch with molt infusion or diastase solution must 
be regarded as the most accurate for the determination of that 
substance in cereals. 

iv. Digestion vrith Potassium Hydroxide. — J. MayrhoferlT con- 
siders the following method more simple and reliable than the 
inversion processes described above. From 60 to 80 grammes 

• Berieiled. d. Chem. Ontll., xA. 1286. tJUp./. anal. CKtia., 1882, p. 36(J. 

t ZeU. anal. CJum., 1S80, p. 4>3. g Loe. til., ii p. 167. 

II Abat. Analyst, 1897, P. Ifi i tf. Md., 18S8, p. 218. 

^Zta. IfaAr. UnUrnuA., 18BS, p. 331; AbcL An<Uya, 180T, p. 11. 




132 FLESH FOODS. 



of the sausage are heated on the water-bath with aJcoholic potAs- 
xiuni hydroxide (8 per cent.), which, in the caae of pure sauiuges, 
diaaolves almost everything except a little cellulone. In otder to 
prevent gelatinisation the solution is diluted with warm alcohol, 
and filtered through a paper or asbestos filter. I'be inaolublu 
residue, containing the starch when present, is washed with 
water until the washings are no longer alkaline, then treated with 
aqwunu potassium hydrojide, and the starch solution made up tu 
a deltnite vohuue. On adding alcohol to an ahijuot [Mjrtion the 
etarch Calla as a fiocculent precipitate, which rapidly subsides. 
This is collected on a weighed filler, washed with alcohol and 
ether, dried and weighed. 

In order to avoid a determination of the ash it is advisable to 
make the starch precipitation from a. weak acetio aoid solutiou 
instead of from an alkaline solution, since the acetate formed from 
the potassium carbonate present is readily soluble in alcohol. By 
this means the starch is obtained quite free from ash. 

Mayrhofer gives the results of analyses of known mixtures of 
sausage with pure potato starch, which show that this method ia 
very accurate. 

V. Oottn-imetrical Determinaiicm. — G, Ambiihl* has devised a 
colorimetric process, which consists of estractiuy; the starch from the 
eausage with water, as in Kbnig's method (p. 131), and comparing 
the colour produced on the addition of iodine with that given by 
a solution containing a known quantity of starch under the same 
conditions. As a test of this method he prepared sausages con- 
taining 1'57 of wheat flour, and in two determinations found 1*4 
and I'5 per cent. 

For a discussion of the applicability of determining starch colori- 
metrically, see Littleton, Abst. in the Analyit, 1897, p. 73. 

Determination of the Acidity. — A weighed quantity of the 
finely divided sausi^e (US grummes) is digested three times with 
successive portions of boding water under a refliu condenser, the 
aqueous extracts filtered, and the residue washed. The total 
filtrate and washings ore titrated with decinormal alkali, and the 
acidity calculated as lactic acid. 

Kammererf obtained the following results by this method : — 
Alkali. Lftctic Acid. 

&*w Sausage (imoked), .... 6*0 0720 

...... 9-5 0-865 

Smoked B«ef; SO 0'730 

Trcah Park, 4 0'360 
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As several micro-organisms are able to produce lactic acid, this 
gives an additional means of judging as to the freshness of meat 
preparations, especially when considered in conjunction with the 
results of a determination of the acidity of the fat (rancidity). 
A distillation of the volatile acids may also enable one to decide 
whether the flesh has been smoked, since pyroligneous acid is one 
of the constituents of wood smoke. 

The Add Value of the Pat. — This is determined by the method 
given on p. 95, and, when the fat is rancid, serves to some extent 
as an indication of the degree of rancidity. M. MansBeld * made 
experiments to determine whether the fat towards the exterior of 
the sausage was more rancid than that in the interior. In one 
Salami sausage the fat near the outside had an acid value of 34, 
whilst that of the interior fat was 38. In another the fat through- 
out had an acidity of 43. 

The Determination of Oristle in Sausages. — An approximate 
estimation of the amount of gristle and similar substances may be 
made by the method described by A. H. Allen, t Twenty grammes 
of the sausage are disintegrated in cold water and the fragments 
of gristle removed with forceps (by the aid of a lens), washed with 
methylated spirit and ether, dried at 100"* C, and weighed. The 
nitrogen which they contain is then determined by Kjeldahl's 
process, and deducted from the total nitrogen originally found in 
the sausage. The difference (taken as proteid nitrogen) multi- 
plied by 6*3 gives some idea of the amount of gelatinoid sub- 
stances. 

By this method Allen found the following percentages of gristle 
in different kinds of English sausages : — Pork, 0*67 ; * Cambridge ' 
pork, 0-72; Mutton, 3*11 ; German, M3; Polony, 0-54.t 

The Detection of Horseflesh in Sausages. — Reference was made 
in a preceding chapter (p. 56) to the fact that a large number of 
the horses slaughtered in Paris are made into sausages, the 
vendors of which are supposed to declare that horseflesh is 
present. In Grermany and Austria horseflesh is also largely eaten, 
and a considerable proportion of it is used up in sausages, either 
openly or surreptitiously. In England the prejudice against the 
use of horseflesh, the heavy penalty for selling it without a promi- 
nent notification of its nature, and the fact that there is a ready sale 
on the Continent for exported broken-down horses, all tend to 
render its occurrence in English sausages unusual. 

During the last few years the problem of detecting horseflesh 
has come into prominent notice, and several methods have been 
described, and confirmed or modified by subsequent workers. 

♦ Zeit. Nahr, Hyg,^ 1898, p. 898. 

t Commercial Organic Analysis, iv. p. 281» 
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i. Treatment of the Flesh Fibres tciih Acetic Acid amd vith 
Alcoholic Potassium Hydroxide, — Stelzer based a method 
of detecting horseflesh on the changes in colour which 
the muscular fibres of different kinds of flesh undergo on 
treatmeut with these reagents. Ostertag,* howerer, 
found that there was no marked difference between the 
colours thus obtained with horseflesh and with beef 
(especially bull's beef), although it was possible to dis- 
tinguish them both from pork. On treating the flesh 
with alcoholic potassium hydroxide (20 grammes of 
KOH in 100 c.c. of 70 per cent, alcohol), the muscular 
fibres of beef and horseflesh turn brown, while pork 
fibres only become white or grey. But, since horseflesh 
is ouly employed fraudulently as a substitute for beef, 
the test is only of positive value in proving that a 
sausage consists of pork ouly. 

ii. Treatment tcith Formaldehyde. — According to K EIhrlich,t 
horseflesh, on treatment with formaldehyde, develops an 
intense characteristic smell within forty-eight hours 
resembling that of roast goose flesh. Only in one 
instance has a faint suspicion of this odour been ob- 
served in the case of beef, and Ehrlich considers that 
tbiK difibrcuce may give a further means of distinguish- 
ing between the two kinds of flesh. 

iii. TJie Ghjrotjun Reaction. — The occurrence of glycogen in 
appreciable quantities in horseflesh bad often been noted, 
but it was not until 1891 that Niebel made use of its 
quantitative determination as a means of distinguishing 
horseflesh from other kinds of flesh {vide infra^ p. 136). 
Two years later Briiutigam and Edelmann % based a 
method on the well-known colour reaction which glycogen 
jrives with iodine : — Fifty grammes of the finely-divided 
flesh are boiled for an hour with four times the volume 
of water, and dilute nitric acid added to the resulting 
broth, when cold, with the object of precipitating pro- 
teid substances and decolorising the liquid. The filtrate 
is tested with a freshly-prepared saturated aqueous solu- 
tion of iodine, which is added so as to form a layer on 
the surface of the liquid. In the presence of glycogen a 
wine-red ring is formed at the point of contact When 
the colour does not appear or is uncertain, the 
flesh is heated on the water-bath with a solution 
of ]>otassium hydroxide (3 per cent, of KOH calcu- 

♦ Zeit, Fleisch u. Milch Hyg., 1896, p. 184. t Hid., 1898, p. 232. 

X rharm. CaUralb., 1893, p. 657. 
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lated on the flesh) until the muscular fibre U decom- 
posed. The broth is cooceatrated to half its volume, 
the proteid precipitated with DJtric acid, and the iodine 
solution added aa before. 

Brautigam and Edelmaon onl; obtained this reaction 
with horeeflesfa, and with the Red) of the human foetus 
and the foetus of animals, but never in their numerous 
experiments with the flesh of the ox, calf, sheep, pig, 
dog, or cat. They found that they could detect as little 
as S per cenL of horseflesh in a mixture, and also that it 
was possible to employ the reaction for an approximate 
colorimetrical estimation. 

This method was tested by M. Humbert,* who ex- 
amined various kinds of flesh. Of ten specimeoa of horse- 
flesh obtained from different dealers in Paris, seven showed 
the colour very clearly; in two it was less pronounced, but 
still clear ; while in the last it was doubtful. In no case 
was there any coloration with beef, veal, mutton, or 
pork. Beef-broth left in contact with the iodine for ten 
days showed no signs of change. The flesh of the ass 
also gave a negative result, but with that of the mule 
the reaction was the sameaa with boreeflesh. A mixture 
of equal parte of horseflesh, beef, veal, mutton, and pork 
showed the coloration, but it was lees pronounced than 
with horsefleeh alone. 

The resultsobtainedby W. Niebelt were not so fovour- 
able. Hiis chemist consideTS Brautigam and Edelmann'a 
reaction uncertain, on the ground that glycogen also occurs 
in the flesh of dogs, cats, and very young calves ; in the 
livers of cattle, and in meat extract to the amount of 
I '6 per cent In old sausages composed of horseflesh the 
reaction for glycogen was always obtained, although that 
substance would usually be decomposed under such cir- 
cumstances, A further uncertainty is the fact that 
deitrins derived from the starch give a similar colors' 
tion. He mfdntains that the red colour obtained with 
iodine is not sufficient proof of the presence of glycc^n, 
which should he isolated in a pure condition, i^everthe- 
less, in his opinion, the iodine coloration, and the 
occurrence of more than one per cent of grape sugar in 
the fat-free substance, point to the presence of horse- 
flesh, even when all the glycogen has been decomposed. 
In his experience the red colour only fails in the case of 
the flesh of young foals. 
*Joum. Pharm. Chim., 189B, p. 166. t Zdt. FUiiA u. Sfilcklfi/g., 1895, p. M. 
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Drecheler came to the same conclusion aa Niebel, since 
in bis experiments on the glycogen t«st he obtained a 
wine-red ooloratioa with ten specimens of beef. 

The following modified proeeea was devised by Courlay 
and Coremons.* About 50 gnimmeB of the finely-minced 
flesh are boiled for fifteen to thirty nainutes with 200 
c.c. of water. After cooling, the broth ia filtered, and 
tested with a few drops of iodine Bolutioti prepared 
by dissolving two parts of iodine and four parts of potas- 
sium iodide in one hundred parts of water. A browo 
coloration, disappearing on warmiDg to 80' C, and re- 
appearing on cooling, indicates the presence of boreefleeh. 
'When flour or starch is present, as in sausages, the blue 
colour may mask the glycogen reaotion. This is ob- 
Tiated hy adding two or three times the volume of con- 
centrated acetic acid to the broth, filtering, and again 
testingthe filtrate with the iodine solution. No reaction 
was obtained in this way with the flesh of cattle, calves, 
pigs, dogs, or cats, but this observation did not apply to 
the flesh of the fcstna of any of these animals. 

T- Bastien t has recently examined these various modi- 
fications, and has found boUi the original process of Brauti- 
gam and EdelmauQ, and the preceding modification 
inooncluaive. He has made a long aeries of eiperimenta 
under varying conditions, and finds that the following 
slight modification gives the most satisfactory result, and 
is capable of detecting 6 per cent, of horseflesh, even in 
the presence of starch. About 20 grammes of the finely 
divided sausage are boiled for thirty minutes to one 
hour with 100 c.o. of water, so that the volume of the 
liquid is reduced to about 30 c.c. When cold the broth 
is filtered and about 10 c.c. tested with two or three drops 
of iodine water, or of a solution of iodine, 1 gramnie ; 
potassium iodide, 2 gmmmes ; water, 100 o,c. A fogitive 
reddish-violet colour is obtained with horseflesh. Care 
must be taken not to add an excess of the iodine reagent, 
or the colour will change to reddish-brown. When starch 
is present, acetic acid is added as in Courlay and Core- 
mon's modification, 
iv. The Qunntilalive Determination of Glyrogen. — In Niebel'aJ 
method the flesh is heated on the water-bath for six or 
eight hours with from 3 to 4 per cent, of potassium 



• ZfiL mAr. Untfrrufh., 18P8. p. 178. 

t Jotirn, Fharm. Chim., ]898, p. 6*0. 
XJahrub»r, Nahr. Qmuttm., ISSl, p. SB. 
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hydroxide, and four times its yolume of water. The 
broth thus obtained is evaporated to half its bulk, 
and hydrochloric acid and a solution of mercuric iodide 
in potassium iodide (Briicke's reagent), added to the 
cold liquid, to precipitate nitrogenous substances. The 
clear filtrate is mixed with two and a half times its 
yolume of 90 per cent, alcohol, and the precipitated 
glycogen collected on a filter, washed successively with 
60 per cent., 90 per cent., and absolute alcohol, with 
ether, and again with absolute alcohol, dried at 110*" C, 
and weighed. 

If dextrins and dextrose are present as well as glyco- 
gen, Niebel advocates the use of Landwehr's method. 
The broth, prepared in the manner described above, is 
neutralised and freed from albmninous substances by the 
addition of a little zinc acetate. The filtrate and wash- 
ings are heated on the water-bath with a sufficient quan- 
tity of a concentrated solution of ferric chloride, after 
which a concentrated solution of sodium hydroxide is 
added, drop by drop, until all the iron is precipitated. 
The precipitate is rapidly filtered off, washed with hot 
water, and dissolved in concentrated acetic acid. The 
cold solution, to which hydrochloric acid has been added, 
until a yellow coloration is obtained, is poured into 
alcohol, and the flocculent precipitate of glycogen is 
collected, washed and dried as described above. 

When the glycogen has undergone decomposition, as in 
the case of sausages which have been kept for some time, 
Niebel converts the whole of the carbohydrates present 
into dextrose, and determines the total amount of reduc- 
ing substances in the flesh by means of Fehling's solution. 
In sausages containing no horseflesh he found not more 
than 0*7 per cent, of dextrose, while when horseflesh was 
present the amounts found varied from 1*189 to 3*707 
per cent., and in these glycogen could, as a rule, be 
identified. In the absence of added starch or sugar, 
Niebel regards the presence of horseflesh as proved when 
the total amount of carbohydrates (expressed as dextrose) 
exceeds 1 per cent., calculated on the fat-free dry sub^ 
stance, and when the flesh itself is of a brownish-red 
colour. Obviously, this method is useless in the case of 
sausages containing bread or other amylaceous substances. 

Bujard* regards Mayrhofer^s method (p. 131) as more 
suitable than that of Niebel for the determination of gly- 
♦ Forsehungi Bar., 1897, iv. p. 47. 
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cogen. The flesh is dissolved in aqueous potassium 
hydroxide, proteid substances precipitated by means of 
hydrochloric acid and Nesslei^s reagent^ and the gly- 
cogen, after precipitation by the addition of alcohol to 
the clear filtrate, is washed on a weighed filter with dilute 
alcohol and ether, and dried at 1 10 G. 

The results given in Table I. were obtamed recently 
by this method, whilst those in II. were obtained some 
time ago by NiebeFs method : — 



Table I. 





Water. 
Per Cent 


Per Cent Qlyoogen 
Direct 


KiebeL 


Mayrhofer. 


Horseflesh, 

,1 ... 

II ... 

It ... 
Red saiisage(Enackwarst), 
Pork sausage, . 
Veal, .... 
Pork, .... 


74-44 

74-87 

76-17 

76-00 

69 26 

67-25 

74-6 

76-0 


0*440 
0-600 
1-827 
0*592 

... 
... 

.•■ 
... 


0-446 
0-520 
1-727 
0*610 

o-oas* 

0-240* 

0-086 

0-186 



Table II. 





Percent 


Water. 


Glycogen. 


Olyeoffen 

on Dried 

Substance. 


Horseflesh, 

$* ... 

It ... 

»» ... 

,, (smoked), 
Beef (ox), 


61-83 
72-90 
70-47 
71-84 
43 00 
73-62 


0*846 

0*174 

1-866 

0-59 

0108 

0*206 


2-24 
0-64 
4-62 
2-09 
0-19 
0-74 



* In tbeee pepper-starch could be detected microscopically, and on testing 
with iodine only the blue starch reaction could be obtained. Whilst in all the 
other cases the glycogen reaction was marked. 



UHCEETAINn' OF OLYCOOEK TESTS FOB HOBSEFLESH. 139 
Tablk Tl.—eontinned. 





Per Cent 


W»ter. 


"te" 


Z'sss 


Be.f, . . . . 


7B-65 


0018 


0-073 




76ia 


84Q 


144 




74-i7 


0-089 


0-26 


Pork. ... . 


B4-06 
as -29 


trace 


tTMW 










BedsauBue, , 


70-M 


0-604 


l-OB 




fl700 


1702 


B31 


S4ltmi, .... 


88-80 


0-034 


006 


Sautage,. 










2000 


trace 


tl«C(l 


ThnriDgiui, . 


12-93 
29-16 




;; 



From these results Bujard concludea that only in ei- 
ception&l cases (where the amount is large) can the 
glycogen be taken as concluaive of the presence of horse- 
fleab, eepeoiallf when the latter is mixed with other kinds 
of flesh. 

If we take into consideration the results of these dif- 
ferent chemists, the reaction of glycogen with iodine and 
the quantitative determination of glycogen must be re- 
garded as giving uncertain conclusions as to the presence 
of horseflesh. Apart from the fact that glycogen appears 
normally in certain organs of other animals, it has been 
shown that its formation and distribution throughout 
the body is influenced by the food given to the animal, 
and also that the quantity is subject to considerable 
variation in certain diseased conditions. On the other 
hand, in old sausages the glycogen may undei^o decom- 
position, and a negative result be obtained with the 
tests, when horseflesh is actually present. Hence the 
results obtained by these and similar methods must only 
be taken as corroborative evidence. 
. The Form of the Fat Cellt. — According to Jungers * the 
fat cells of the dilferent animals used for food show 
* JtArttbtr. ifahr. w. <7«nuwm., 1891, p. 6t. 



iO FLESn FOODS. 

distinct differences iii external form, which are eBpecially 
marked in tbe case of tbe horse. TiiiB difference can 
also be observed in the fat cells of apparently fat-free 
flesh, and can be used for the detection of borsefleeh in 
mixtureB. In boiled and emoked sausages, however, it 
is only possible to find unaltered fat cells by taking the 
test from the centre of the sample. The nature of this 
charactenstic difference is not described, 
vi. Examination of the Fat. — The fat extracted by one of the 
methods given on p. S3 is examined by the usual 
methods, and the results compared with the figures of 
the constants in the tables on pp, 52-59, 

Cryetalliaationfroni Ether. — When tbe sausage ia com- 
posed entirely of pork the fat on crystallisation from 
ether will, as a rule, give the characteristic chisel-shaped 
crystals. Horse fat, on the other hand, is very soluble 
in ether, but by using very small quantities of solvent, 
crystals resembling those of beef stearin (pp. 50 and 56) 
can he obtained. 

Iodine YtUwi. — Since the mean iodine value of beef 
fat is about 56, whilst that of horse fat is about 83, 
a determination of this constant is valuable when tbe 
sausage is composed of only one of these kinds of flesh, 
which, however, is not often the case. 

H. Friihling,* in bis experiments on this point, deter- 
mined the iodine value of the fat from different sausages. 
The finely divided substance was boiled for a consider- 
able time with water, and after cooling, the layer of the 
fut on the surface of the liquid was removed, filtered, 
and its iodine value determined by Hubl's method. 

The results obtained with the fat thus extracted 
wore; — 

lodtct Vilae. 

SsQMge mide bom pare boraeBeBh 72'5 

,, eon«iiting of horBsQsBL with 1G pvr coat, of pork, . 82-S 
i> .1 .• BO .> ■ 67-2 

Since lard has an iodine absorption of from 569 to 63-8 
(Benedikt), it is obvious that thb method would lead 
to no certain conclusion in the case of mixtures. 

Examination of the Intermmeular Fitl.—Th^ fat within 
the muscular fibre was first examined by Kussberger.f 
Tiie fat was extracted from the muscle of various kinds 
of horseflesh (kidneys, ham, etc.) by moans of ether, and 
iodine values of from 80 to 94 obtained, the mean beina 
• Zeil. anjww. Ckem., 1888, p. 362. t Clunn. Hitndachau, L n, 01, 
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81. The iodioe values obtained were probably too low 
OD account of the pre§eDce of Other aubetanceB, beaides 
&t, extracted by the ether. 

Bremer * carries NuBsbei^er'a method a etep further, 
and determinea the iodine value of the more fluid portion 
of the fatty aoida obtained from the intermuscular fat. 
The sausage mass, from which all visible fat baa been 
removed, b finely minced, mixed with water, and heated 
for about an hour on the water-bath. The fat rising to 
the surface is poured away with the water, and the flesh, 
after having been washed several times with hot water, 
is dried at 110* C. for twelve hours, and extracted for 
several hours with a petroleum spirit of low boiling- 
point. Part of the intermuscular fat thus obtiuned is 
used for the determination of the iodine value, refractive 
index, and Reichort-Meissl value. The remainder ts 
saponified, the excess of alkali neutralised with acetic 
add, and the alcohol evaporated on the water-bath. The 
soap is dissolved in hot water, the liquid fatty acids 
separated as zinc salts by Jean's method (p. 98), and 
the iodine value of the soluble zinc salts, or of the 
acids liberated from them, determined as described on 
fAgo 99. 

The following table gives the results which Bremet 
obtained : — 

lodtns raltu lodlna fmlne 

ioMr- ot liquid «cidi 

mlu Ut, of the (M. 

rS-i 108-1 



. HorMfleih UDSsga with abont 22 p« 

of tMoon well imoked, 
. HoTMfleib oervelat uassge witli abont 69 



Q. ThnriogUD oerv«Ut Mouga witb tb 

Mreaiit. of krd, , 

7. UixUra of 1 aod G In equal parti, 
& llixtora o( f and 9 in tqaal puts, 



SG'3 



Bremer also found that when horseflesh was present 
the petroleum spirit extract had a red to reddish-brown 
colour, and that even the liquid fatty acids had a more 
or less pronounced reddish-yellow shade. On the other 
hand, bull's fleeh gave a similar colour, so that this 
fact can only be used as a confirmatory test, When, 

• Fortehuuji Btr., 1897, Iv. p. S. 
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however, this coloration ia obtained, when At the same 

time glycogen is detected, and when the iodine number 

of the intermuacular fat exceeds 65, and that of lli6 

liquid fatty acids is considerably over 95, there can, in 

Bremer's opinion, be but little doubt &s to the preseiica 

of horseflesh. 

The Art^cial Coloration of EatisageB. — Sausages are artificinlly 

coloured either with the object of couceaUng «n addition of starch 

or bread, or of improving the colour of the meat, and in aome 

cases disguising its condition. When fresh beef is exposed to tfa6 

atmosphere it soon changes its colour, and the bright red, due to 

the ojtyhaeiooglobin, becomes dark brown and eventually yellowiab- 

brown or grey. Simihir alterations take place in lighter coloured 

flesh, such as veal and pork, though they are not so pronounced aa 

in beef. When the exposed meat is in the flnely-minced state ia 

which it is used for sausages, these changes occur with gretX 

rapidity. When decompositioD, whether of an acid or alkalina 

nature (</. pp. 74-76), has commenced, the surface of the moat 

often aasumes a bluish or greenish tint. 

On being heated to 70° or 80° C. the hiemoglobin of the fleah ia 
decomposed, and hiematin, which has a brown colour, is formei]. 
Hence red flesh (beef, mutton) becomes dark brown on cooking, 
while the lighter coloured meats (e.g., veal, pork, nud fowl), which 
contaiu comparatively little htemoglubin, do not show this change 
in colour, but become grey. 

In order to regain the original colour many sausage mantk- 
facturora are in the habit of adding a trace of some colouring 
matter such as cochineal, carmine, or an aniline dye, and tliis has 
been a common practice in Germany for the last fifty years. 
Lately, however, the question has received considerable attentjon, 
and there is a growing opinion that since the practice offers great 
facility for disguising unsound flesh, it ought to be altogether 
forbidden. As an instance in point it may be mentioned that 
H. Bremer • recently met with a cervelat sausage coloured witli 
carmine, which when cut hod all the appearance of sound fiesh, 
but on further examination was found to be quite unfit for food, 
the acid value of the fat being 760. 

The MicToteopieal Detection of Colour. — G. Marpmann f recom- 
mends the following method of examination ; — A sectiou of the 
sausage, about 1 cm. thick, is thoroughly moistened with SO per 
cent, alcohol, and eiamioed under the microscope. 'When only 
traces of colouring matter are pretient, the subalauce is dehydrated 
in xylol, wliicb is expelled by means of carbon tetrachloride, and 
the mass placed in cedar oil. As thus prepared it is transparent, 
' Farachitngi Ser., 1897,4, p- 46. t Zeit. angtic. Jtfttrw*,, leSS, p, 12. 
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and colouring matters present can readily be recognised. Fuchsin, 
magenta red, diamond red, carmine, logwood, and orchil stain 
the cell substance, while acid aniline colours dye the liquid in the 
cell. In some instances {t.g., with safranin) the colouring matter 
must be concentrated, and wool or animal tissue placed in the con- 
centrated solution. The finelydivided sausage is digested with50 per 
cent, alcohol, the liquid (freed from fat) evaporated to a few drops, 
and some undyed sausage placed in this solution. The muscular 
fibres and the fat cells are then stained deeply. Marpmann states 
that safranin is largely employed for dyeing cerrelat sausages. 

The sausage should also he extracted with ammoniacal water, 
which is a better solvent than alcohol for many of the colours used 
as fleeh-dyea. Marpmann regards with suspicion all sausages 
which remain coloured after being kept for two hours in 50 per 
cent, alcohol, since normal flesh is decolorised under these con- 
ditions. 

Action of eeriain Dyes on Fteth Proleide. — ^The following table 
of Marpmann shows the behaviour of different flesh protcids on 
treatment with certain aniline colours ; — 





CoralUn. 


Eoein. 


Phlodn. 


Congo E*l. 


SafraniD. 


AlbamiD, . 


BloiohTCM 


E»pbar,7 

red. 


^^„, 






Peptone, . 


Orsngi'Vellow. 

afterward) 




::. 


"^k^. 


Decoio'riw^d 














miD, . 




OrangB, 








Syntonin, . 


K«ddi>h. 






Brown. 


YeLow. 


















Violet-rote. 


Beddish. 


Rom. 


Yellowwh. 


FibriD, . 


Red. 


Bou. 


Boie. 


R.^d. 


Yellowish 
red. 



In addition to alcohol, various solvents have been recommended 
for the extraction of artificial colouring matter in sausages, such as 
amyl alcohol, or a mixture of glycerin and alcohol. According to 
Bremer,* cases are frequently met with in which the artificial 
colour can be detected microscopically, but cannot be extracted 
with any of these solvents. In such cases he advocates the use of 
equal part« of glycerin and water, as recommended by Kltnger 
and Bujard. The finely divided Hubstance is heated for several 
bourv on the water-bath, with two volumes of this mixture 
* Fortchung* Btr., 1897, p. 21S. 
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(atiglitly acidified}, the yellow solution freed from fat and filtered, 
and the colouring matter precipitated as a lake by the addition of 

On placing the test-tube before the spectroscope, the absorption 
lines of ciirmiue-lake, lying between li and D, may then be identi- 
6ed. Since the acid solution of the sausage colouring matter ia 
yellow, while carmine-lake gives a red solution with hydrochloric, 
uitri^ and tartaric acids, Bremer au^ests that the carmine in 
such sausages must be present in some other form than lake^ 
possibly combining with the preaervalive to form a compound 
insoluble in alcohol. 

The Adioti of Nitre on Natural Cnlauring Mattere in FUA. — 
In the euimlnation of a number of American sausages, Weller 
and Riegel * met with three which were of a suspicious colour, 
and from which the colouring matter could be extracted with 
glycerin and water, with amyl alcohol, with aloohol and with 
ether, all the solvents being coloured from light red to dark red. 
On extracting the meat with acidifled glycerin and water, u 
directed by Bremer, a bright rod solution was obtained, but Uiis, 
when evaporated on the water-bath, after the addition of ammonia, 
remained unaltered. The colouring matter also dissolved readily 
iu acidified alcohol and amyl alcohol, but on evaporating the solu- 
tion iu contact with wool-fibre, it was not possible to fix the colour 
ou the wool, even in the presence of aluminium salts. 

Experiments were then oiade to determine whether any of tie 
salts with which the sausages were strongly impregnated had any 
effect on the blood-colouring matter, and from the results the 
conoluaiou was arrived at that the colouring matter extracted 
from these sausages was due to this cause. It was found that 
flesh containing blood, when dried with sodium chloride, potssainm 
chloride, sodium nitrate, or mixtures of these salts, yielded only 
minute traces of colour to the solvents. But, on the other banc^ 
deep red sulutions were obtained ^m pig's flesh containing blood, 
which had been dried with potassium nitrate ; and these behaved 
in the same way as the coloured solutions obtained from the 
sausages. The spectroscopical examination showed that the oxy- 
iiaimoglobin had undergone alteration, the acidified glycerin solu- 
tion, diluted with n-ater, giving a spectrum eiuular to that of 
methffimoglobin (see p. 39). 

It was further proved that the alteration of the oiyhfemoglobia 
was not due to the flesh fibrin being brought into solution by the 
nitre, and it appeared to be a special diaracteristic of swine's 
blood hoAmoglobin. In one experiment in which calf's blood 
was dried with nitre, only slight traces of colour could be 
* FoTKhmigt Ser„ 1SS7, p. 20i. 
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obtained after two daya' extraction with ether. The fibrin from 
normal venous blood was found to be readily soluble in a solution 
of nitre, whereaa that from arterial or diseased blood (especially in 
the case of the ox) was frequently insoluble. 

From this investigation Weller and Riegel concluded that 
Bremer's process (p. 143) is only reliable when the colouring 
matter can be precipitated from its solution as a lake, and identi- 
fied chemically or spectroscopically. But since many vegetable 
colours, which are soluble in water but insoluble in alcohol or 
amy] alcohol, cannot be precipitated as lakes, Bremer's method, 
like the others, may often fail. A microscopical examination, too, 
may be inconclusive when the sausage has been coloured with an 
aqueous solution of a vegetable colouriug matter thoroughly dis- 
tributed, though in such cases the reactions given by the aqueous 
extract with ferric chloride, lead acetate, calcined magnesia, man- 
ganese peroxide, sodium bicarbonate, etc., may give useful indi- 
cations. Weller and Riegel regard the official method of the 
Berlin Police Coimcil (extraction with glycerin and water for 
fifteen minutes in the water-bath) as useless in the light of their 
experiments. 

With reference to these conclusions, E. Spaeth * states that be 
is unable to confirm their observation ou the action of nitre on 
the colouring matter of the blood. He has made numerous 
experiments with uncoloured sausages, and only in one, which had 
been heated with a large quantity of that salt, did the extract show 
a faint yellowish-red colour. 

Nitre is often added to pickling beef with the object of pre- 
serving the natural colour of the flesh. But Serafinit found that 
even when added in as large an amount as 5 per cent, it had 
neither antiseptic nor colour-preserving properties. He considered 
that, taking into account the injurious efiecta of its continued use, 
it ought to ho forbidden altogether in sausages. 

detraction of the Colour with Sodium Scdirylate. — E. Spaeth * 
finds that the ordinary artificial colours used in sausages can be 
most readily extracted by warming the finely divided substance 
for a short time on the boiling water-bath with a 5 [>er cent, 
solution of sodium salicylate. When a mixture of glycerin and 
water is used as the solvent it is often necessary to extract hard 
sausages for hours, and when only a trace gf colour has been 
added it may not even then dissolve. 

According to Spaeth, aniline colours and carmine are almost 

exclusively used for colouring sausages, while vegetable colouring 

matters are but rarely employed. On the addition of ammonia to 

* Fharm. Cmtralb., 18S7, 88, p. SS4. 

t Jahraber. Sahr. Qenutsm., 1SS2, p. IE. 
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the aqueous extract, red precipitates may be obtained, consisting 
of calcium and magnesium phosphate and possibly aluminum 
hydroxide, carrying down traces of an aniline colour mechanically. 
Hence, a further examination of the precipitate is required before 
the presence of carmine is regarded as proved* 

For a method of identifying natural and artificial colouring 
matters alone and in admixture with others, see a paper by Rota 
in the Andlygt^ 1899, p. 41. 



CHAPTER VIII. 

THE PR0TEID3 OF FI^SH. 

Definition. — It is not an easy matter to find a simple and com- 
prehensive definition for the proteids — the most important of the 
cooBtituente of fleeh. Some of those proposed are cumbersome, 
and inTolve the use of long periphrases, while others are inexact. 
One of the most concise ia the recent one of Wroblewski, who 
describes them as bodies which, on complete decomposition with 
acids, yield as final products ammonia, nitrogenous organic bases 
(such as lyune, argtnine, etc.), and amido-acids (such as leucine, 
tyrosine, etc). This definition, however, is a somewhat arbitrary 
one, and as it probably excludes the peptones from the class of 
proteids, cannot be regarded as altogether satisfactory. 

Huldar's 'Protdne' Theory. — Mulder found that by the 
action of potassium hydroxide on the substances we now name 
'proteids,' products (albuminates), which he regarded as identical 
. in each case, were obtained. Taking this into account with the 
fact that the proteids themselveB contained the same elements in 
nearly the same proportion after deducting the ash, he conceived 
the tiieoTj that these complex nitrogenous constituents of blood, 
flesh, and other organic tissues and fluids were all compounds of a 
definite substance with phosphates and other salts. To this sub- 
stance he gave the name of 'proteine' (jrpior«iov = pre-eminent), 
since be regarded it as the primary oonstituent of all animal 
tissues. 

Thus albumin was protein -I- phosphates + sulphur. 
„ fibrin „ + „ +2 „ 

„ hair, horn „ -I- ammonia + 3 water, 

and soon. 

Ijebig and other chemists showed the incorrectness of this 
theory, and only the name 'proteid ' hsa survived. 

Claanfleation of Proteids. — There is too little variation in the 
elementary composition of different proteids for any scheme of 
classification to be based upon it, and advantage has therefore 
been talcen of the difference in solubility of different individuals, 
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and the nature of the products yielded bj them on decomposition* 
Two recent schemes which have much in common are those of 
Chittenden* and Wroblewski.f In both there are three main 
groups: — I. Albuminous bodies (Wroblewski), Simple Proteids 
(Chittenden); II. Compound Albuminous Substances (Wrob- 
lewski), Compound Proteids (Chittenden) ; III. Albuminoid Sub- 
stances. 

In Wroblewski's scheme the albumoses and peptones are placed 
with the albuminoid substances in the third group, whilst in 
Chittenden's scheme they are placed in the first group, and 
enzymes are not included in the classification. 

The scheme on pp. 150, 151 is based on both these systems of 
classification, the general arrangement being that of Wroblewski, 
and the classification according to solubility, especially in the case 
of the albumoses and peptones, being due to Chittenden. 



Albuminous Subetances. 

The proteids classified in this group are related more or less 
closely to fresh or coagulated white of egg. They contain carbon, 
hydrogen, nitrogen, oxygen, and sulphur in only slightly varying 
proportion. According to Neumeister, the percentage variation is 
within the following limits : — 





Carbon. 


Hydrogen. 


Nitrogen. 


Oxygen. 


Sulphnr. 


Maximum, . 
Miuimum, . 
Mean, . 


65 
60 
62 


7-3 
6-5 
7-0 


17-6 
15-0 
16-0 


24 
19-0 
280 


2-4 
0-8 
2-0 



The molecular weights of albuminous substances appear to be 
very high, from the results of the analysis of their metallic com- 
pounds and cryoscopic determinations by Raoult's method. Thus 
Sabanejefi* assigns to purified egg albumin a molecular weight of 
15,000, and Schiitzenborger gives the formula 024^3.^^ ^O^^S^ to 
the same substance. 

The composition of several of the important members of this 
group is shown on the next page, upon which is given an 

• Medical lUcord, 1894, p. 45. 

t BerichU d, d, Chem. Oesells., 1898, p. 8045. 
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intereBting table, showiag the percentage composition of some 
of the more important naturaUy-occurring proteida, selected from 
the longer one of Chittenden • : — 
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* ifcJiail Avorr^ 18S4, p. 460. 
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CLASSIFICATION 



Oboup L 
AlbnmiiioaB SabsUooes. 



1. SoltMe in water, CoagukMe by heat or 
long corUact trith alooKoL 



Albumins : 

Egg albumin. 
Serum albumin. 
Muscle albumin. 
Plant albumins, etc. 



gbovp n. 

Compound Albomlnoiia BulMtuii 



2. InwlvMe in trater, b%tt toluble in talt 
tolutions. More or 2«m coagtUattd by 
heat. 



a. 



h. 



Olobulins : 

Soluble in dilute and saturated solu- 
tions of soditmi chloride. 

Vitellins. 
Soluble in dilute solutions of sodium 
chloride, but precipitated on satura- 
tion with that salt 

Egg globulins. 

Serum globulins. 

Lacto-globnlin. 

Cell globulins. 

Fibrinogen. 

Myosin, etc. 



3. ImtoluUe in leater and talt golutiont. 
Soluble in dilute alcohol. 

Albuminous substances chiefly of 
vegetable origin : 
Zein, Oliadins. 



1. Compoundt tf a proUUL wiik mn irour 
containing ptgwt§nL Soiubte in 
neater, and coagulate d by haat aind 
aUohoL 

Hannoglobin. 

Oxyhamoglobin. 

Methnmoglobin. 



Compcwndt cf aproteid with a 
bert^th$ carbokydrate grow. /»- 
tolubU in water. SolwtU m vary 
veak alkaliet. 

Mucins. 
Mucoids. 



a. Compounds cf a protoid with nudeie 
acid. Phogphorited bodies yiddino 
on decomposition metapke^»hone 
add. 

Insoluble In water and add pepain 
solution, but more or leas soluble 
in alkalies. 

Kuclfiins. 



4. Insoluble in ttatrr, salt golutions and 
alcohol. Soluble in dilute adds and 
alkalies. 

a. Coagulated by heat, when suspended 

in a neutral fluid. 
Acid albumins : 

Syntouin, and the like. 
Alkali albumins : 

Albuminates. 

b. Not cuogulated by heat in a neutral 

fluid. 
Glutenins. 



Insoluble, or nearlv so^ in water, salt 
9olutions,and alcohol. Soluble in strong 
adds and alkalies, and in add pepdn 
and alkaline trypnn soltUions. 

Coagulated albuminous substances : 
Fibrin. 
Coagulated white of egg, etc 



4. Compounds qf protdds with nuel^ns. 
Very soluble in dilute alkalies. 



Kucleo-albumins 

plasm. 
Cell nuclei, etc. 
Caseins. 



of cell-proto- 



6. Amyloids. 



6. Histones? 
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OF PEOTEmS. 



L JMuM In MUna valtr, 
and fiielding on aeeompo- 
ntion Irk^m and glyto- 

CoUiaenet: 
OflMln. 



. SoluMa m leattr. Sot 



1. Froto- ud Denlero- 



PipajoUn, u 



AmpbrnptODM. 
Antlpeptonls. 



DtMUM. 

Innrtln, ud tli« 



Ing dilttM aeldt md tv 
IHIHin vitt Ba. 



S. AU-I>aMnD>oi<iv JFn- 



MJuUatu. PneifiMleit 
Im •utiiraCfiin Kitk 



add f^Kin » 
MouicviCiiin in 



UnM.andth>Ilk*. 



MuMi /» iUIhM aaui 



DjMptiMett*. 



8. CuoinilaKnir SnqniMi.- 
BmDVt, Hid tht 
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Albumins, of which egg albumin may be taken as the t^pe, are 
soluble m water. And coagulate on heating. I^g albumin ooagn- 
latea at about 72° C, and baa a Bpecific rotation of — 355. When 
white of egg is dried at 100° C. it loses about 88 per cent, of its 
weight. In preparing ordinary commercial albumin, white of 
egg ia evaporated at a low temperature, leaving light yellow 
flakes. Or BOmetinies the fibrin, which ia also present in small 
quantity, is previously removed by beating and filtering through 

Globulins are closely allied to albumins, but dilTer from them in 
their behaviour towards salt solutions. Tbey dissolve in dilute 
solutions of sodium chloride, but are as a rule precipitated by 
saturating the liquid with sodium chloride or mogneuum 
sulphate. 

The Vitellins, of wbich representatives are found in egg-yoUt 
and in the eyes of fish, differ from the globulins proper la not 
being precipitated by saturation with sodium chloride. 

Acid Albumins. — These are compounds of hydrochloric or 
acetic acid with an albumin or globulin. They are produced u 
the first stage in the hydrolysis of these substances by means of 
pepsin. Myosin, for example, in the digestive process first forma 
an acid albumin or mjntonin. Like globulins, they are precipitated 
by saturating their solution with sodium chloride or magnesium 
Gtdpbate. 

Alhali Albumins or Albuminates are produced by the action 
of alkalies oa albumins or glubutins. Tbey arc soluble in alkalies, 
but not in neutral liquids. 

Coagulated Albumins. — Under tbe infiuence of heat, or long 
contact with alcohol, or in some cases by the action of enzymes, 
albuminous Bubstancea become converted into a peculiar modifica- 
tion wbich is exceedingly insoluble. Types of these are coagulated 
white of egg and fibrin from fibrinogen. Tbe temperature of beat 
coagulation varies with the nature of the salts in the liquid and 
with the concentration of the solution (c/. p. 162). It ia curious 
that coagulation cannot be brought about by boiling a solution of 
an albuminous substance to which a trace of formaldehyde b&s 
been previously added. 

Compound Albuminous Substances, 

These consist of proleida, whose molecule is composed of n 
nimple albuminous substance in combination with another aub 
stance often of a non-proteid nature. 

Effimog^obins. — In the hxmogloliin* there is a colouring matter 
group which contains Iron (see p. 37). 
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Hnchui. — Mudna and Mucoids are representatives of compounds 
of albuminous substances with a carbohydrate 

Mucins are found in secretions of various glands and on the 
skin of the aoail Th^ can be precipitated from their solutions 
in the absence of salts by means of acetic acid or a mineral acid. 
The precipitate is insoluble in an excess of acetic acid, a property 
which is made use of in the separation of mucins from albumins. 
According to Neumeister they have the following composition : — 
nitrogen, 11-7 to 123; carbon, 48-3 to 48-8; oxygen, 31*3 to 
33*6 ; and sulphur, about 0'8 per cent 

By long-oontinued boiling with dilute mineral acids, or by the 
action of superheated steam, mucins are converted into ayntonins 
and eventually peptones, while substances of a carbohydrate nature 
are liberated (c/. p. 24). 

HncoidB are closely allied to mucins. They have been isolated 
in small quantity from the whit« of birds' eggs, and from the 
cornea of Uie eye. 

HyalogeoB are substances which are often grouped with the 
muooide. By the action of dilute potassium hydroxide, they 
are converted into very insoluble substances known as hyaline. 
Byalogens are found in the skin of the serpent and in the bladder 
of the echinococcus (e/. p. 243). 

NnclSinB. — The composition of a representative nuclein is given 
in the list on p. 149. See also p. 6. 

Albixadnoid SuttetaDces. 
I. — Strdctuiul Substancbs, 

CoUi^ene is a widely distributed substance, forming, as it does, 
a principal part of the connective tissue and the organic substance 
of bone. In Neumeister's opinion it is probably produced in the 
animal system by the decomposition and oxidation of albuminous 
substances. 

Ita mean composition is: — Carbon, 60'75; hydrogen, 6'47; 
nitrogen, 17'86; oxygeik, 2432; and sulphur, 0'6 per cent. 

Collagene, unlike the albuminous substances, does not yield 
tyrosine on hydrolysis, the end products of the decomposition 
brought about by bailing hydrochloric acid being leucine, aspartic 
acid, glutamic acid, and glycocolL The sulphur, which it contains, 
appears to be in a much closer state of combination than is that 
of albumin. 

Oelatin. — When collagene or substances containing it are boiled 
with water, the collagene is bydrated and dissolves in the form of 
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gelatin or glue, the latter being aa impure gelatin. The elementorr 
composition of gelatin is shown on p. 149, and the composition of 
the first products of its hjdrolytic decomposition on p. 181. 

Gelatin is not precipitated b; mineral acids, by potaaaiun, 
ferrocjanide with acetic acid, or hy salts of lead or copper. It 
is, however, precipitated by most of the other reagents for pto- 
teids. Bromine or clilorine precipitate it quantitatively, and it 
combines with tannin in the presence of salt to form a obai^ 
acteriatic insoluble compound (leather). Mercuric chloride pre~ 
cipitutes it in the presence of hydrochloric acid. 

Gelatin uuder^roes hydrolysis with great readiness. On boiling 
it for a short time with very dilute acid, or for a long time with 
pure water, it loaes ita gelatinising power through its convernon 
into gelatose. 

Elastin.— This proteid is the main constituent of the elasUo 
tissue. In the analysis of its elementary composition (p. 149) 
sulphur is given as one of its constituents, but later analyses 
of pure elastin have shown that it docs not contain sulphur. 

It can be brought into solution by treatment with superheated 
BteaiD, or by boiling it for several hours with dilute' mineral acida 
or strong alkali (e/. p. 24), 

Keratins are found in such parts of the animal system as the 
hair, horns, nails, and feathere. They contain a large proportion 
of sulphur (from 3 to 5 per cent.), while the oiygeii is loss than 
that of true albuminous bodies. They are remarkably iuaolublc, 
but can be brought into partial solution by the action of super- 
heated steam or by boiling with alkali. 

II. — Dhkivattves of ALBUsusoira AND Stkuotdral Albuminoid 
Substances. 

Proteoses. — This word is used as a convenient generic term 
for certain products of the hydrolysis of native proteids in which 
tbo decomposition, whether brought about by acids, superheated 
steam, or proteolytic enzymes, ha« only proceeded to a certain 
extent Thus it includes the alhumosea, derivativoa of albumin ; 
fibrinosea from fibrin ; caseoses from casein, etc. Not unfrequently, 
however, all such products are termed ' albumosee,' since the latter 
have received the most study, and may be regarded as tyjucol 
proteoses. 

Albumosea — For the want of more accurate knowledge we 
group together under this name a large number of albuminous 
derivatives with a few characteristics in common. Further sub- 
divisiun can he effected into groups which behave differently with 
different solvents ; but proteolysis is not a simple proceea, and at 
any given stage of the decomposition each group eoutoinfl sub- 
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stances with ever-varying composition, until finally, with the con- 
tinuation of the hydrolysis, the products are gradually broken 
up into substances of a simpler composition, lower molecular 
weight, and greater solubility, which can be grouped together as 
peptones. 

This is doubtless the reason why in many analyses of meat 
extracts, peptones have been found by one chemist and not by 
another. For instance, in methods of analysis in which alcohol 
is used as the precipitating agent, those products which are most 
soluble, or, in other words, require the greatest addition of alcohol 
for their precipitation, are returned as peptones ; whereas, if satu- 
ration with zinc sulphate were used, they might be partially 
precipitated together with the derivatives more closely related to 
the original proteid, and be classed with the albumoses. 

Old Names for Albumoses. — Some confusion has also been 
caused by the fact that formerly all the products of peptic 
digestion were called peptones. When a differentiation between 
the higher and lower products had been effected, Kiihne gave 
to the former the name of propeptoneSy while Meissner termed 
them a-jpeptones. Eventually the name cUbumoses was adopted 
by Kiihne. 

Greneral Properties. — Albumoses differ from native albuminous 
substances in being much more soluble, and in not being coagu- 
lated by heat or by alcohol, though they can be precipitated by 
the latter. They contain less carbon, but more oxygen, and have 
much lower molecular weights. They are slightly diffusible, 
while albiunin proper is completely indiffusibla 

Like the native proteids they are precipitated from their 
aqueous solutions by saturation with zinc sulphate or ammonium 
sulphate. They can also be precipitated by chlorine or bromine, 
nitric acid, mercuric chloride, phosphotungstic acid, tannic acid, 
picric acid (primary albumoses), trichloracetic acid, and less readily 
by a solution of mercuric iodide and potassium iodide in the pres- 
ence of hydrochloric acid. 

Subdivision of Albumoses. — The different albumoses formed in 
the earlier stages of the decomposition may be grouped under 
proiocUbumoses and heterocdbumoses^ which collectively form the 
primary albumoses. From each group of primary albumoses 
further hydrolysis, as in the process of peptic digestion, forms 
deuteroalbumoses, and finally peptones. 

This is shown in the scheme of Neumeister, representing 
the action of pepsin and hydrochloric acid,* without reference 
to the hemi- and anti-groups of the molecule given on the next 
page. 

♦ Lehrbuch Physiol, Chem., p. 231 ; c/. p. 180. 



ProtoalbumoBe. 

De ut«roalbiimoee. 

Peptone. 



Heteroalbumose (Dysalbumoee). 
Deuteroalbumose. 
Peptone. 



Primary Albuvtoit&.—The^e are preoipitatod, though not com- 
pletely, by neutraliaing the sohition, and saturating it with sodium 
chloride, which gives b wliite precipitate, dissolving on heatiag, 
aud reappearing on coolii^. they are also precipitated by nitrio 
acid, while deuteroalbumoscs give no precipitate until the liquid 
hns been first saturated with common salt. 

Other preoipitante for priniarj albumoscs arc potassium 
ferrocyanide with acetic acid, and copper sulphate, though 
these also sometimes precipitate snuiU quantities of deutero- 
albumose. 

PnioalbumosBg are soluble in distiUod water, and in dilute 
solutions of salt, and are partially precipitated by saturating an 
acidified solution with salt. They are also precipitated by mi 
curie chloride and by copper sulpliate. 

Heieroalhumo»eg are insoluble iu distilled water, but diesolve 
weak solutions of salt They arc precipitated like the globulins 
by pouring their neutralised solution into a large volume of pura 
water, or by saturating the solution with sodium chloride. They 
are also precipitated by copper sulphate and by mercurio chlorida 
(in acid solutions). 

Dyiialbuimjte. — By being left for a long time in contact with 
water, or by di^'ing, heteroalbumoses are converted int« a peculiar 
insoluble modification known as ilymlbv.iiu)»e, which can be porti- 
ully reconverted into heteroalbumuses by treatment with dilute 
acid or sodiiun hydroxide. 

DeuleroaUniimiKS are much more closely allied to the peptones 
than are primary albumoses. They are soluble iu water and 
Holutions of salts, and arc not precipitated by sntumting thmr 
solution with sodium chloride. Nitric acid precipitates th«ra 
only in the presence of an excess of salt, and the precipitates 
do not dissolve bo readily on healing as those of llie primaiy 
albumoees. 
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Chittenden • gives the following method of isolating them from 
the primary compounds in the absence of peptones. The solution 
is neutralised and saturated with sodium chloride, which partially 
precipitates the primary albumosea. On adding acetic acid, drop 
by drop, to the tiltrate, the residual protxialbumoses are precipi- 
tated tc^etber with a small amount of deuteroalbumose. From 
the filtrate from this precipitate the deuteroolbumoses can be 
obtained in a pure condition by dialysing out the salt and acid, 
concentrating the liquid, and precipitating the proteid with 
alcohol. 

It is not an easy matter to completely precipitate the whole of 
the deuteroalbumoeea in a solution of mixed albumoses, and Eiihne 
Btat«a that long-continued boiling in the alternately neutral and 
alkaline saturated liquid is necessary. 

S. Fraokel t proposes to separate denteroalbumoses by means of 
cupric sulphate, and thus to avoid the difficulty of removing 
large quantities of salta by dialysis. According to Neumeister, 
this reagent gives a voluminous precipitate, with a solution of 
1 :500, and a turbidity with a solution of 1 : 1000 of deutero- 
albumoee containing protoatbumose, but gives no sign of tur- 
bidity with pure deuteroalbumose. On adding a dilute solution 
of cupric sulphate to the albumoee solution, a tough coherent 
precipitate is formed, while any turbidity left in the solution 
generally disappears after a few hours. The copper is removed 
from the solution by adding a hot saturated solution of barium 
fertooyanide, until a few drops of the liquid on filtration show 
only a trace of copper. At this stage the liquid is acidi&ed with 
acetic acid, warmed, filtered, and the filter washed. Barium ferro- 
cyanide solution is added, drop by drop, to the filtrate so long as 
a red precipitate ia formed, then barium acetate to remove the 
sulphuric acid. Finally the solution is concentrated and poured 
into strong alcohol, acd the deuteroalbumose dehydrated with 
absolute alcohol, and washed with ether, 

Schrottei^e Albuviose. — H. Schrijtter | isolated from Witte'a 
peptone an albumose, or group of albumoses, in the following 
manner : — The soluble impurities were extracted with racthj'l 
alcohol, and the residue dissolved in water acidulated with 
sulphuric acid, and treated with zinc dust and sulphuric 
acid. Ailer several days the liquid was warmed on the water- 
bath, and, after the removal of the sulphuric acid, filtered, con- 
centrated, and evaporated in vacuo over sulphuric acid. The 
residue was exhausted with hot methyl alcohol, the extract con- 
centrated, and the albumose precipitated with absolute ether. 

+ MimaUhe/l./. Chan., 1897, p. *33. 
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Its compoaition, making allowance for the ash (0-2 to OS pet 
cent.), WQs: — Carbon, 50'5 to 51 '3; hydrogen, 6-4 to 7-0; 
nitrogen, 16*5 to 17*1 ; and Bulphur, I'l per cent. 

Its molecular weight determined in an aqueous solution 1^ 
Raoult's method varied from 587 to 714. 

For the composition of various albumoBOa and other prot«oeea 
prepared hy Eiilme, Chittenden, and their co-workers, see 
page 181. 

Peptones. — Schriitter* controverts the generally accepted 
views OS to the formation of albuinoses as an intermediate stage 
in the production of peptones by enzymes. In his opinion both 
albumoses and peptones are precipitated by saturation with 
auunonium sulphate, but the former may be readily distiogniahed 
by their higher molecular weight, lai^er percentage of nitrogen, 
and by the tact that they contain sulphur, which peptouc« do 

This view of Schrotter's illustrates the general want of agree- 
ment as to the nature of peptones, different chemists attaching 
that name to some certain group of the hydrolysod protaids, 
which they r^ard as more worthy of it than some other. It 
seems, however, raoat fitting to reserve the name for the most 
soluble of the derivatives, which are precipitated by strong 
alcohol, and are not removed by saturation with zinc or ammoninm 
sulphate, although, even in the latter case, lower deuteroalbumoses 
may be grouped with the peptones. 

Compoeilion of Peptcmee. — The analyses by Cliittenden t of 
peptones from difTerent sources, given on p. 159, do not benr out 
Schrotter's theory that peptones differ from albumoses in not 
containing sulphur. 

General Properliet of Peptones. — Peptones are much more 
soluble than albumoses, or at least the higher albtunoscs (proto- 
albumoses), and require the addition of much alcohol to pre- 
cipitate them from their solution. They are not coagulated 
by heat, and possess great diffusibility. They cannot be salted 
out by an addition of sine or ammonium sulphate, a property 
which is usually regarded as the distinguishing feature between 
albumoses and peptones- 

In the pure state a peptone is a hygroscopic amorphous powder, 
with a bitter taste. It mpi<lly absorbs moisture from the sir 
and becomes resinous. In the anhydrous condition it diseolvea 
ill water with a his^ng noise, and the evolution of a considerable 
amount of hesL 
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Chemical Compobitioh op Repkbbxntativs PsprONie. 



Feptona. 
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0^^.. 


lU%brin, . 


18 '7B 


7-21 


i8-2a 


077 


27-01 




49 -SS 


a-81 


15-07 


1-10 


27-64 














PsptonB from Hemp 
AntimtoDe ' from 


tna 


677 


IS -40 


0-4S 


24-94 


4B-94 


S-Sl 


18-30 


0-(8 


26-67 


'mj-s:" .'™) 


«M 


e-87 


lfl-92 


1-18 


28-09 



Many of the ordinarr proteid precipitating reagents are not 
available for peptones. Thus, they are not precipitated by nitric 
acid with or without the addition of salt, by acetic acid with 
potaasium ferrocyanide, or by an eicesa of picric acid. On the 
other hand, they are precipitated by chlorine or bromine, by 
tannin from a neutral solution, by phosphotungstic or phospbo- 
molybdio acid, by uranium acetate, by mercurio chloride, and by 
absolute alcohol {ef. pages 164-176). 

In the biuret reaction they resemble albumosea in giving purple 
colorations without warming, whilst albuminous substances give 
more of a violet colour which only becomes purple on applying 
heat. 

Peptones can combine with either acids or alkalies to form 
salt-like compounds, and appear to form definite compounds with 
hydrochloric acid. 

ffemipepttmee and Aniipeptonet. — Of the peptones produced by 
the hydrolysis of albuminous substances or proteoses, part are 
capable of being further broken up by trypsin, with the tonnation 
of simpler subatanoee, such as tyrosine or leucine. The hetni- 
group of the original molecule appears to contribute chiefly to 
these, and they were therefore termed hemipeptonet by Ktibne 
and Chittenden. For a similar reason the other portion of the 
peptones, which resist the action of the enzyme, received the 
name of antipepUmet. Both kinds are grouped together under 
the name of amphopepUmet. 

Gelatin PepUmet. — Under the influence of dilute acids, of 
digestive, and of baotetial enzymes, or of the continued action of 
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boiliug water, gelatin ia converted iuto a much more w^ 
substance or substances known as gelatin peptone. The gl 
undergoes a ohimge analogous to tliat whicii occurs in the digostioo 
of simple albuminous su^tances, and the resulting product, 
scries of products, is no longer capable of gelatinising. 

No method of separating those decompoaitton products of gelatin 
from ordinary peptones lias yet been devised, although Salkowski 
has described a number of colour reactions which are sud 
distinguish the two classes of derivatives from one another 
(r/. page 163). 

Beactions and Pbysical FropertieB of Froteidfi. 

The Combination of Froteids with nydrochloric Add.— 
well known that in artificial digestion experiments the free hydro- 
chloric a^iid gradually disappears, and that a further addition of il 
is required to carry on the process. 

Cohnheim* has prepared^ alhumoses and peptones according to 
Kiilme and Chittenden's directions^ and has determined the average 
amount of bydrochlorio acid with which each kind can combine at 
a definite temperature. 

At 40° C. he found that protoalbumoses (in 2-5 per cent, solu- 
tion) combined with 4'32 per cent, of their weight of hydrochloi ' 
acid, deuteroalbumosea with 5-48 per cent., hcteroalbumoaea wi' 
8'10 per cent., and antipeptones with 15'87 per cent, in the 

On varying the conditions of temperature and concentration 
there was a difiTereuce in the amounts of hydrochloric acid added, 
but there was invariably a constant relation in this respect 
between the three albumoses and the peptone employed. 

The amount of hydrochloric acid absorbed can be determin 
by treating the albumose with a definite quantity of the acid 
excess, salting out the compound with ammoninni sulphate, a 
determining the residual acid in the filtrate. But this method 
is said not to be applicable in the case of deuteroalbumosea and 
antipeptones. 

It is noticeable that the order in which these compounds 
be arranged as regards hydrochloric acid absorption is not the 
same as the arrangement according to dill'usibility, solubility, etc 
Cohnheim suggests that probably albumoses can combine with 
liyiirochloric acid in more waj-s than one, or, in other words, be 

Colour Besctions of ProteddB.— There are numerous colour 

tests for proteid substancoa, but as many organic bodies, especialljr 

* Zci/. BioL, l£9e, p. iS9. 
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among the aromatio compounds, give similar colorations with the 
same reagents, thej cannot be regarded as absolutely characteristic. 

The Biuret Reaction, — On adding an alkali to the solution of a 
proteid, and then, drop by drop, a weak solution (2 per cent.) of 
copper sulphate, there is no precipitation of copper hydroxide, but 
the liquid becomes violet. Care must be taken to avoid an excess 
of copper salt, or the violet colour will be masked by the blue. 

The name pf the reaction is derived from the fact that biuret or 
allophanamide r(CO)2(NH2)2.NH] gives a similar purple or red 
colour under the same conditions. It is doubtful, however, 
whether the colour is produced by the same group in the molecules 
of biuret and of albuminous substances. 

If a nickel salt be used instead of copper sulphate, the colora- 
tion will be yellow or orange. 

According to Neumeister the reaction will detect one part of a 
proteid in 10,000 of water, while Hoffraeister gives the limit of 
sensibility as 1 in 12,000. 

F. Klug * has based a quantitative method of estimating proteids 
on the spectroscopic examination of the liquid in the biuret test. 

MiUan's Reaction, — On boiling proteids with a solution of 
mercuric nitrate containing a little nitric acid, a red coloration or 
precipitate is obtained. This reaction is also given by aromatic 
compounds, such as tyrosine, in which only one atom of the benzene 
group is replaced by hydroxyl : — 

^«^*\CH2.CH(NHj).C00H. 

The reaction is much less pronounced with proteids than with 
tyrosine, but is probably due to the same group in the molecule. 

Xanthoproteic Reaction. — On heating proteids with strong 
nitric acid, a yellow precipitate or colour is obtained from the 
formation of nitro derivatives. This becomes deep orange on the 
addition of ammonia in excess. The reaction is also given by 
many aromatic compounds. 

Adamkiewia^s Reaction, — When albumin, in as dry a state as 
possible, is dissolved in glacial acetic acid, and half its volume of 
concentrated sulphuric acid added to the solution, a violet-red 
colour is produced either immediately or after boiling for some time. 

Liebermann*8 Reaction, — When certain proteid substances are 
washed with alcohol and cold ether, and heated with concentrated 
hydrochloric acid (1*19 sp. gr,)^ they give a violet coloration. 

Rimini t has shown that this is due to the presence of traces 
of vinyl alcohol in the ether. 

* Chem. OentralbkUt, 1898, ii. p. 499. 
t Gem, Chim, Ital., 1899, p. 890. 
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Colour JUaciums of Albumin atul Gelatin Peptones. — Sulkowaki 
gives the foUowUig table of the colour reaetiona ot albumin wid 
gelatin in Boliition ; — 





Albumin 
Peptone. 


Gelatin. 


OeUtu 

PeptOQB. 


lco.or8alntioii + (ec-c. 








Acetia Acid -i 5 c.c. 








Sulpburtc Acid). . . 

Equal voliimeB of tlis 

Solution + concentrated 


Violet. 


Yelbwisb. 


Ydiowiih. 














Snlphuric Acid, . . 


D«rk brown. 


Yellow. 


Ydlow. 


MilJoD'arMgent, . . . 


UeddiBh. 


Colourleis. 


ColQuleM. 


£o.D. of Solution -ilo-e. 








of Nitric Acid (sp. rt. 
1 ■2)— boil and add «o- 














diom hydroxide. . . 


Dark orange. 


Lemon-yello,. 


Lemon-jdlow. 



Heat Coagulation of Froteids.— As many of the strnpls 

albuminous bodies coagulate at a different temp(>rature, it is ufteii 
possible to BSparate them by means of fractional coagubition. Ft 
this purpose Halliburton has devised the upparatufi ahowa below. 




Fro. 18a.— Halliborton'a apparatus. T, tap for water ; C, copper » , 

with spiral tuba ; a and b, inlet and oiiLlat tubes ; t, t«t-tiib« witb flnid and j 

tliermoineter. 

The test-tube ooutoining tbe solution of the proteids is kept in | 
water at the glveu temperature for five mtnutee, wbilo the degree 
of auidity is kept coosl&nt by the addition of dilute (3 per cent.) ^ 
auiitiu atiid, added from a burette, the right proportion to be 
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added after neutrality being about 1 drop to each 3 c.o. of the 
liquid. 

Thus, for example, from human blood serum there can be 
separated in this way fibrinogen, coagulating at 56" C. ; serum 
globulin at 75" C. ; and three kinds of serum albumin at 73" C, 
77' C, and 85" C. respectively. 

Of other important proteids, egg albimiin coagulates at 72* to 
73' C, myosin at 56* C, vitellin at 75* C, and hsemocyanin at 65' C. 

J. H. Milroy * has studied the degree of coagulation which the 
albimiinous substances of flesh undergo when heated at different 
temperatures. In each experiment the finely-divided flesh was 
heated in a beaker for an hour at temperatures ranging from 
50' to 120* C, and the non-coagulated albuminous matter ex- 
tracted with a solution of anmionium chloride (15 per cent.). 

On extracting different kinds of flesh, without previous heating 
with this solution, the following amounts of proteids, calculated 
on 100 parts of the dry flesh, were extracted : — Fresh beef, 1 4*0 to 
23*5 ; ham, 9*31 ; salt beef, 13*66 ; beef pickled in acetic acid, 
5'87 ; calf s brain, 2*77. The difference between the coagulable 
albumin extracted from the non-heated flesh and from the same 
flesh heated at different temperatures gave the amount coagulated 
by the heat. 

PROPORTION OF ALBUMINOUS SUBSTANCES COAGULATED 

BY HEAT. 



Temperature. 

•c. 


Freeh Beef. 


Ham. 


Salt 
Beef. 


Beef pickled 
in Acetic Acid. 


Calfs 
Brain. 


50 
60 
70 
80 
90 to 120 


45-95 to 55-10 
64-87 „ 74*47 
90-66 „ 91-01 
99-11 M 100-0 
100-0 


45-87 
54-25 
95-28 
99-18 
100 


68-55 

84-04 

95-82 

100-00 

100-00 


67-18 
88-44 
100-0 
100 
100-0 


51-99 
80 16 
84-12 
90-26 
100*0 



In one experiment the fresh unheated flesh yielded to the 
anmionium chloride solution 22*77 per cent, of coagulable albu- 
minous matters. On slightly roasting the same flesh the amount 
extracted from the interior was 13*08 and from the exterior 
4*71 to 5*21 per cent., while the quantities obtained from the 
interior and exterior, after strongly roasting the meat, were 0*13 
and 0*11 per cent, respectively. 

Optical Sotation of ProteidB. — All proteids rotate the beam 

* Archiv ffyg., 1895, xxy. p. 154. 
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of polarised light to the left. The specific rotatory powers cf 
representativce of variouB groups are as follows : — 

t.]D. 



Egg Albumin, 
Serum Atbumin, , 
SyutoDin from Egg Albumin, 
Sodium Albuminate, 
Protoa.lbiiiDDses, 



Deuteroalbumoae, . 
Beteroalbumoae, . 
Fibrinogen, . 



B8) 



-71-iO' t 
-7B>06 
-7911 
-as -85 



Aatbori^. 
Boppe-Seyler. 

Bus." 

EuiioesnclCbittaiiden.* 



Hoppe-Seyler + has devised a polarimetrical method of quaati- 
tatively estimatiBg proteids, ba^ed on the ditfereuce in their 
rotatory power. 

The Precipitation of Proteids by Various BeagentB. 

Predpitatioii of Proteids with Alcohol — All proteids aro 
insoluble in alcohol, and can be prccipitsited from their aqueous 
solutions by adding il in suBicient quantity. When albuminous 
bodies are precipitated by dilute alcohol they are apparently 
unaltered, but when the alcohol ia concentrated and its action 
continued for some time, coagulation takes place, and the pre- 
cipitate will not subsequently dissolve in water. 

Alcoholic precipitation is often used as a means of separating th6 
proteid constituents of meat extracts {ef. p. 199). 

All such methods appear to depend on the fact that the further 
the hydrolysis of a given proteid has proceeded the more soluble 
hecome its products, and the greater the amount of alcohol required 
for their precipitation. Hence by varying the strengths of alcohol 
the proteid nitrogen might be subdivided in many different ways. 

Predpitatioii of Proteids by Satnratioa of their SolutloiiB 
nith Salts. — It is often possible to effect a more or less compIet« 
separation of a proteid or group of proteids from its solution by 
saturating the liquid with a reaJiily soluble salt, and this has beeu 
largely used in tlie quantitative analysis of proteid substaucee. 

In such cases the precipitation is probably brought about 
merely by a withdrawal of the water reqiured for the solution of 
the proteid, and is not due to the formation of a definite compound 
between the metallic salt and the proteid, as in the precipitations 
in Schjeming's method of analysis. The characteristics of the 
proteids thus 'salted out' remun unchanged. Certain proteids, 
such as peptones and some deuteroalbumoecs, are soluble in con- 
centrated solutions of ammonium or sine sulphate. 

■ ZHL BiaL, n p. 11. t FiTthoafi AnMv. xi. p. SI7. 
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SaturaUan tnih Ammonium Sulphate. — For years this was the 
method generally employed for the separation of albumoses. The 
liquid was boiled and filtered to remove coagulable albuminous 
substances, and an excess of ammonium sulphate added to the 
filtrate when cold. The precipitate was collected, washed with 
a saturated solution of ammonium sulphate, boiled in water with 
barium carbonate to expel the ammoniacal nitrogen, and the 
residual nitrogen estimated by Kjeldahl's method. 

Saturation with Zinc Sulphate, — Precipitation with ammonium 
sulphate suffers from the great drawback of the introduction of 
nitrogen during the precipitation, and the necessity of removing 
this before the proteid nitrogen of the precipitate can be estimated. 
To avoid this, Bomer made experiments with zinc sulphate as a 
precipitant, and found that it precipitated practically the same 
amount of proteid nitrogen. Subsequently, in conjunction with 
Baumann,* he made parallel experiments on the two methods of 
saturation to determine to what extent nitrogenous bases, amide 
bodies, and ammonia were precipitated in each case. The results 
showed that anmionium sulphate precipitates considerable quanti- 
ties of tyrosine and leucine. With zinc sulphate, on the other hand, 
ammonium salts, asparagine, leucine, tyrosine, and kreatine, in the 
degree of concentration in which they occur in meat extracts, are 
not precipitated, or, at most, the amount of the precipitate is so 
small as to be negligible. 

The precipitation is most complete after the addition of dilute 
sulphuric acid (1 : 4) in the proportion of 1 part to 50. 

Magnesium Sidphate. — In Schjeming's opinion it is probable 
that all readily soluble sulphates would precipitate all albumins 
and albumoses if added to saturation in the presence of a little 
acetic acid. In his method of analysing proteid substances, 
magnesium sulphate is used in place of zinc or ammonium sul- 
phates as the saturating agent (cf, p. 173). 

Saturation with Sodium GhloHde, — By means of this salt 
albumoses can be subdivided into two groups — primary proteoses, 
which are precipitated on saturating their neutral aqueous solution 
with sodium chloride, and secondary proteoses, which are only 
partially precipitated on the addition of nitric acid to the pre- 
viously saturated solution (see pp. 156-157). 

The Precipitation of Froteub by Metals in Belation to the 
Periodic Law. — Scl^jemingt has recently shown that salts of 
analogous metals precipitate practically the same amount of 
nitrogen from solutions of mixed proteids, whereas the metals of 
non-analogous series show a marked difference in this respect. 

* Zeii, UfUeri. Nahr, OenuBsm., 1898, p. 106. 
t ZeU. anal, Chem.^ 1898, p. 78. 
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Parallel detemiinationB were made on the lines of hia genenl 
method (p. 171), with solutious of djaataae, peptone, egg albumin, 
milk, and beer, and the following were the mean reautte obtained 
throughout the series : — 





Chlondcs. 


Acctalu. 


8«lph.U. 




i 


i1 


m 


4 


i 


j 


1 


It 


ill 


1 


B-1 


6-i 


63 


flO'8 


i- 6 


w-o 


88-3 


36-S 


!71 


«4-3 


iy* 



The reaiiltH obtained with chromium acetate wore much too low, 
but Schjeming accounts for this on the ground that the compl«t« 
auftlogy between chromium and iron is doubtful 

Although copper aalta have aome analogies with sails of tho 
magnesium group, precipitation with copper sulphate gave very 
much lower results, either with or without euturation. For 
example : — 





UAgnuiom. 


CoppM. 


Iron. 


Bew. . . . 
E^ Albnuin, . 


17-4 
G4'S 


46 

Bia 


82-8 



From this it is evident that the sulphates of copper and iron 
precipitate almost the same amounts of proteid nitrogen. 

With the acetates of lead, copper, and mercury, which foim a 
nattirally ascending but not analogous series of metals, the follow- 
ing percentages of nitrogen were precipitated : — 





L<»d 
Aegtate. 


Capper Aostata. 


MGHcuria Aoattta. 


Cold. 


Boiling, 


ColA 


BoiUag. 


Beer. . . 
Wort, . . 


180 
20-8 


19-8 
20-8 


86-4 
248 


40-1 
47 


43-e 



With regard to the influence of the acid, it «as found that for 
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the same metal the acetate precipitates more nitrogen than the 
sulphate, and the sulphate more than the chloride. With the 
latter, the largest precipitation took place in the cold solution ; 
with the other salts, on boiling. 

The acetates of calcium and strontium precipitated respectively 
84*4 and 85*4 per cent, of the nitrogen of egg albumin. Generally 
speaking, the precipitating power of metals appeared to increase 
with their atomic weight in the analogous series. 

The salts of noble metals are unsuitable as precipitants, chiefly 
on account of the readiness with which they are reduced to the 
metallic state. 

Schjeming gives the following summary with regard to the 
suitability of metallic salts as precipitating agents. 

1. The sulphates and chlorides precipitate at most true albumin, 
and that often incompletely. 

2. The acetates of the magnesium group, and of the extended 
magnesium group, precipitate only true albumins. The precipi- 
tating power appears to rise with the atomic weight. 

3. Tlie acetate of lead and its analogues (?) precipitate all pro- 
teids up to the albumoses. 

4. The acetates of the analogous oxides Fe203 and Mn^Og pre- 
cipitate all proteids up to the real peptones. 

5. Uranium acetate and phosphotungstic acid precipitate all 
proteids, being examples of analogous metals, though of diflerent 
salts. Uranium acetate can also precipitate some of the 
ammoniacal nitrogen in the presence of phosphoric acid, whilst 
phosphotimgstic acid precipitates the whole of it. 

6. Mercuric chloride precipitates all the proteids up to the 
albimioses, or the same amount of nitrogen as lead acetate. Mer- 
curic acetate precipitates all the proteids, and, in addition, more 
or less of the amide nitrogen. 

Precipitation of Proteids with Phosphotmigstic Add. — This 
reagent is widely employed as a general precipitant for all 
proteid substances, but the separation is not sharp, and the 
further the hydrolysis of an albuminous substance has been 
carried, the less complete is the precipitation. Peptoues are only 
incompletely precipitated, while, on the other hand, certain flesh 
bases, such as kreatine and kreatinine, are completely precipitated. 

Mallett * classifies the proteid and amide bodies of commonly 
occiirring food substances into three groups as regards their be- 
haviour with phosphotungstic acid. 

1. Those which, even in fairly strong solution, give no precipi- 
tate, e,g,j leucine, asparagine, aspartic acid, and tyrosine. 

2. Those which are precipitated in strong solutions, the pre- 

* Abet. AtuUyU, 1898, p. 829. 




cipitate digsolving on heating and reappearing on cooling, e.g., 
glutamine, kreatine, kreatiniDe, hypoxiuithine, carDine, and area. 
Peptone precipitates coagulate, and partially dissolve od heating. 

3. Those Abioh are precipitated, the precipitate not being 
BCnaiblj dissolved on healing, e.g., egg albumin, fibrin, caaein, 
legumin, globulin, vitellin, myosin, syntonin, lia^moglobin, aibu- 
mose, gelatin, and chondrin. 

The precipitates given by certain amide bodies are soluble in 
hot water to the following estent ; — Bctaine, 1 in 71 parts at 
98-a°C. ; kreatine, 1 in 107 parta at 98rC.; kreatinine, 1 in 222 
at 97-9° C. ; hypoxauthino, 1 : 98 at 97-6° C. ; and carainei, 1 in 
132 at 98-4' C. 

Methadtqf Preparing and UtingtheReagimt. — (1.) From 5 to 10 
grammes ot phospliotuugstio acid are dissolved in 100 c,c. of 2"5 
per cent, hydrochloric acid (Mallet). 

(2.) 120 gremmee of sodium phosphate and 200 grammes of 
Bodium tungatate are dissolved in water and the solution made up 
toahtre. The solution of proteid substance is mixed with dilat« 
sulphuric acid (1:1) and the above solution in equal quantitiee at a 
temperature of from 60° to 65° C. After standing for twenty-four 
honra, the precipitate is collected, washed with sulphuric acid 
(1 ; 2), and the nitrogen it contains estimated by Kjeldabl's method. 

PredpitatiOB of Proteids by Halogens. — Ohlorinf. Preeipitatian. 
— Proteids combine with the hali^ejis, forming insoluble Bub> 
stances. Although this fact was pointed out years ago hy 
Mulder, it hod been lost sight of until Rideal and Stewart* 
described a method of estimating proteids by precipitating them 
from their solutions with chlorine. 

In their method, a current of chlorine ia passed through the 
solution, which should contain not more than 02 per cent, of 
proteids, until the precipitate becomes granular and frothing 
ceases. After standing, preferably for some hours, the hquid is 
filtered through a hardened Schleicher and Scbtill's filter paper, 
which has been previously weighed. The precipitate is washed 
with cold water, dried as far as possible in warm air, and finally, 
in vai'Uo, over sulphuric acid. The weight of the chlorine pre- 
cipitate, multiplied by 0-78, gives the amount of proteid present. 

In the test experiments described in the original paper, a deter- 
mination of the nitrogen in the dried precipitate, imd multiplica- 
tion of the results by 5'5 in the case of gelatin, and by 6-33 in 
the case of the other proteids examined, gave satisfactory results 
in most instances. 

It was found that meat bases, such as kreatinine, were not pre- 
cipitated by chlorine- 

■ Jnalyil, 18B7. pp. 223-235. 
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Bromine Precipitation, — Some experiments were also made by 
Rideal and Stewart with bromine as the precipitant, and A. H. 
Allen * suggested the determination of nitrogen in the precipitate 
without previous drying. 

The following simplified method was subsequently worked out 
by Allen and Searle t on these lines : — 

The solution containing about 1 gramme of the proteid 
is diluted to 100 cc, and rendered distinctly acid by the 
addition of dilute hydrochloric acid. A considerable excess of 
bromine water is then added, and the liquid stirred for some 
time. The precipitate is allowed to settle, the supernatant liquid 
decanted through an asbestos filter, the precipitate washed with 
cold water, and if necessary with bromine water, or sodium sul- 
phate solution, and the nitrogen it contains determined by 
Kjeldahl's method, and calculated into proteid by the factor 6*33 
(or 5*5 for gelatin). 

Solutions of kreatinine, asparagine, and aspartic acid gave no 
precipitate with bromine under these conditions, and the precipitate 
given by * meat extractives ' extracted from fresh beef with water 
contained only a very inconsiderable amount of nitrogen. 

Some of the principal results thus obtained were — 



Substance. 


Nitrogi 


m per cent. 


Nitrogei 


a Multiplied 
Factor. 




Total in 




Total in 




Factor 




Original 


Precipitated 


Original 


Precipitated 




Sub- 


by Bromine. 


Sub- 


by Bromine. 


ployed. 




stance. 




stance. 




Commereial Gelatin, 


14-10 


14-00 


77-6 


770 


}6-6 


Gelatin Peptone, . 
Commercial Scale Albn- 


14*10 


18-90 


77-6 


76-6 












• 

min, • . • . 


8-80 


872 


66-8 


55*2 


N 


Syntonin from Scale Al- 












hnmin^ . 


9*86 


9-60— 976 


62-41 


6077—6178 




Digested Scale Albumin, 


8-89 


8-81 


56-8 


55-8 


■ 


Fresh White of Egg, . 
Syntonin from Wmte of 


1-89 


1-88 


11-96 


11*90 


6*88 


Egg 


189 


1-89 


11-96 


11-96 




Peptone from White of 
Egg, .... 
Beef EztraotiTee, • 












0-70 


0-69 


4-48 


4-87 




0-88 


0-004 


211 


0-08 


4 



There can be no question as to the value of halogen precipita- 
tion, since it has been shown, both by Hideal and by Allen, that 

• Analyii, 1897, p. 288. f Ihid., 1897, p. 259. 
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meat bases nre not precipitated (or if so the precipitates are eoliihle 
iu dilute acid), Thus we have a means of exactly separating them 
from albuminous and gelatinous compounds, which has long beea 
a want in the analj'sis of meat extracts and similar preparations, 

NoteB on Sdtjeniing'B ReageBts. — Uranium Acetate. — Eowa- 
lewsky * showed that proteids were precipitated by uranium ace- 
tate, but that the precipitates were somewhat soluble in water. 
Albumins and globuJiuH, and, aucording to Schjemiug, albumoMS 
and peptones, but not amido-compounda, such as aaparagine and 
leucine, are precipitated. The precipitation may be made at the 
ordinary temperature, but must always be from a neutral or 
slightly acid solution (see also pp. 173 and 205). The chief pre- 
caution is to have the uranium solution quite clear and free from 
basic compounds. Schjerning states that if phosphoric acid be 
present in the solution in a larger proportion than llie proteid, the 
ammoniacal nitrogen, and possibly a very little of the amide nitro- 
gen present, are precipitated. 

Tin Chlonde was first proposed as a reagent for proteid preci- 
pitation by Drechsel t and by Siegfried.t It precipitates about 
90 per cent, of the albuminous substances in white of egg, and in 
Schjemiug's method of analysis (p. 171) all proteids precipitated 
by it are termed albumin 1. 

Lead Acetate. — Berzelius X was the first to point out that albu- 
min is quantitatively precipitated by basic lead acetate, hut only 
partially by the normal salt. According to Schjerning it precipitatcfl 
albumins, and proteid compounds not far removed from nucleius 
(denude ins). 

Ferric A<:dale% was proposed by Schmidt-Mulheim for the pre- 
cipitation of albuminous substances and pro-peptones (protecees). 
Schjerning found that it precipitated albumins, albumoses, and 
'denucleina,' 

Stutzer's Copper Hydroxide Beagent. — This is prepared by 
dissolving 100 grammes of copper sulphate in 5 litres of water, 
adding 2-5 grammea of glycerin, then a dilute solution of sodium 
hydroxide until the reaction is alkaline, and filtering. The pre- 
cipitate is thoroughly mixed with wat«r containing 5 gmmmce 
of glycerin per litre, and decanted and filtered, until all alkali 
has been removed. The residue is triturated with a litre of water 
containing 10 per cent, of glycerin, until a mud is obtained which 
can be drawn up into a pipette. It ia liept in a well-closed fluk 
iu the dark. 

• HtU. flMl. CT««.. xxiv. p. an, 

t BfHtiU. xiiii p. SDPfl and xxiv. p. IIS. 

; iMkrimtk dtr Ckim.. ii. p- 43. 

g ZtiL anoL Ohtm., xii. p. 127. 
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This was said to precipitate albumoses, but not peptones or 
gelatin. But Rideal and Stewart * have shown that a considerable 
proportion of gelatin is precipitated, and that this is probably not 
due to any hydrolysis of the latter in the course of manufacture. 
They consider that the reagent cannot be relied upon to effect a 
separation of albumoses from gelatin, and this is borne out by 
their results, in which the amount of nitrogen precipitated by 
Stutzer's reagent is only about half that contained in the albu- 
moses obtained by saturating the solution with ammonium sul- 
phate. 





Nelson's 

No. 1 

Gelatin. 


Coignet's 

Extra 
Gelatin. 


Swiss Gold 

Leaf 

Gelatin. 


Somaiose. 


Witte's 
Peptone. 


Total Nitrogen. 

Nitrogen in Ammoninm 
Sulphate Precipitate, 

Nitrogen in Stutzer's 
Precipitate, 


18*8 


14-61 


14*88 


13*72 


14*67 


18*69 
4*09 


18*68 
5*91 


18*92 
4*59 


12*44 
6-64 


10*18 
4*62 



Sd^jeming's Method of Analysing Proteid Solutions. — From 
the fact that metals of analogous series precipitated the same 
amount of nitrogen from solutions of different proteids, while the 
nitrogen precipitated by metals of non-analogous series is dis- 
similar, Schjeming came to the conclusion that the precipitates 
are compounds of the respective metals with definite proteids. 

To these proteid substances he has given the following provi- 
sional names, as indicating to some extent their character. From 
comparison with the results obtained with malt extract he considers 
that there are two kinds of albumin in milk. 



Pr^ipiUted by. the'^fW.. 
Tin chloride =a Albumin I. 



Lead acetate ) 

Mercnrio > 

chloride ) 



Ferric acetate 



( Albumin I. 
= b J Albumin XL 
\ Dennclein. 

/Albumin I. 
_ J Albumin II. 
— j Denuclein. 

vAlbumose. 



Precipitated by, 



Uranium acetate =d 



Contains 
the Proteids. 

{Albumin I. 
Albumin II. 
Denuclein. 
Albumoee. 
Peptone. 



( Albumin I. 
Magnesium sulphate =e i Albumin II. 

( Albumose. 



* AmUyst, 1897, xziL p. 280. 
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From these five precipitations, the amount of the differcDt 
proteids or groups of proteids can be calculated, since 



Drnucleina = e-e 

AllmtnDset = c-b 

Peptones = d~c 

The reagents required are : — 

1. A solution of IJn ohloride, prepared by dissolving 50 
grammes of tin in a weighed flask coutainiug a sufficient 
quantity of boiling concentrated hydrochloric acid, and a 
little platiiiic chloride. The aolutiou is evaporated down 
to about 130 grammes, made up to a litre and filtered. 

5. A solution of normal lead acetate, containing about 10 

per cent, of the Bait, and 10 to 12 drops of 46 per cent. 
acetic acid per litre. 

3. A 5 percent, solution of mercuric chloride. 

4. Pure dry ferric acetate. 

6. Dilute acetic acid, containing 15 c.u. of 45 per cent, acid 

in a litre. 

6. A solution of pure uranium acetate (about 10 per cent.) 

free from ammonia. 

7. Pure crystallised magnesium sulphate. 

8. A solution of ordiniiry sodium phosphate, containing about 

0'4 per cent, of the crystallised salt. 

9. Caluium chloride solution (about 10 per cent.). 

The aolutiou containing the proteids is first diluted, so that W 
c.c. contain a quantity of total nitrogen corresponding to about 
5 c.c. of decinormal acid. In some cases, when the solutioQ ooa- 
tains little or no ash, the addition of mineral matter (sc^utJODS 8 
and 9) is necessary. This point may be detotmiued by a pre- 
liminary test: — If the number of c.c. of the proteid soladoD 
which correspond to about 10 c.c. of decinormal acid do not, 
on boiling, completely precipitate the iron from a solution of 0*6 
gmmme o! ferric acetate dissolved in 40 c.c. of dilute acetic acid 
(reagent &), and SO to 100 c.c. of water, the precipitations with 
tin, lead, and iron must be preceded by the addition of reagents 
8 or 9. 

Tlie Tin Chlori-le Prenpitation. — About 5 c.c. of the tin chloride 
solution (reagent 1) are added to 25 c.c. of the proteid solution. 
After stirring well, the beaker is covered with a glass, and left (or 
from 6 to 24 hours. The prooipitate is then collected on a filter 
and washed with cold water. If tJie prot«id solution be poor in 
ash, 10 c.c. of calcium chloride solution (reagent 9) are added 
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before the tin chloride, and the precipitate washed with a cold 
1 per cent, solution of calcium chloride. 

The Lead PrecipUation, — ^To 25 c.c. of the proteid solution is 
added a sufficient amount of lead acetate solution (reagent 2), the 
amount varying with different substances. Care must be taken 
to avoid an excess of the reagent, or part of the precipitate may 
be redissolved. After adding the reagent, the liquid is boiled, and 
the precipitate collected and washed with cold water. If the 
proteid solution contains little ash, sodium phosphate solution 
(No. 8) is added before boiling, in the proportion of about three 
volumes to each volume of lead acetate solution used. Since the 
lead precipitate is somewhat soluble in the precipitating reagent, 
a correction is necessary. This Schjeming has found experimen- 
tally to be about 0*15 c.c. of decinormal acid for each 100 c.c. of 
filtrate and washings. 

The Mercuric Chloride Precipitation, — Five c.c. of the mercuric 
chloride solution (No. 3) are added to 25 c.c. of the proteid 
solution, the liquid allowed to stand for 4 to 24 hours at the 
ordinary temperature, the precipitate filtered off, and washed with 
a cold 0'5 per cent, solution of mercuric chloride, and the nitrogen 
it contains estimated by KjeldahPs method. The amoimts of pro- 
teids precipitated by lead acetate and by mercuric chloride are 
identical, but as the latter usually gives more satisfactory results, 
the lead precipitation need only be used in exceptional cases. 

The Iron Predpitatian. — Ferric acetate (O'o gramme) is dis- 
solved in 40 c.c. of dilute acetic acid (reagent 5) and 50 to 100 c.c. 
of water, the solution being heated to the boiling point 20 c.c. 
of the proteid solution are then added, and the liquid again heated 
to boiling. The precipitate is filtered off and washed three or four 
times with boiling water. The filtrate should be quite clear, and 
if this is not the case, from 15 to 25 c.c. of the sodium phosphate 
solution (No. 8) should be added inmiediately after the second boil- 
ing, the liquid being meanwhile stirred and kept boiling. With 
practice the right amount of phosphate can be estimated. Twenty 
C.C. have no injurious effect if these directions be followed, and only 
in exceptional cases is it necessary to add greater quantities 
(at most 25 c.c). 

The Uranium Precipitation. — To 25 c.c. of the proteid solution 
are added 20 to 25 c.c. of reagent 6, the liquid heated to the boil- 
ing point with constant stirring, and allowed to stand over night 
in a dark place. The precipitate is then collected on a filter, and 
washed with a cold 1 to 2 per cent, solution of uranium acetate. 
The correction for the solubility of the precipitate corresponds 
to 0*10 C.C. of decinormal acid for each 100 c.c. of filtrate and 
washings. 
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The Magnesium Sulphate Precipilaiion. — Fire or eii dro^H of 
45 per cent, acetic acid are added to 20 c.c. of tbe proMid 
solution, and the beaker placed in a wat«r-bath kepi at 33* to 
30' C. From 18 to 20 giammee of finely powdered magnesium 
sulphate (MgSOj + THjO) are added, with constant Btirring, and 
the liquid allowed to staud for thirty minutes to an hour at the 
ordinary temperature, a stir being given from time to time. Tbe 
precipitate ia then filtered off, and washed with a cold saturated 
solution of magnesium sulphate containing 4 to 5 grammes of 46 
per cent, acetic acid per litre. 

Some of Sdyeming's results of the analysis of solutions of 
different protei(£i are shown in the subjoined table, which is oom- 
piled from others given in his various papers on the subject. A 
minus sign indicates an error in the caJculated results, and where 
it occurs there was none of the given proteid present. 
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13 
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Predpitatioii of Proteids by Certain Alkaloid Beagenta.— 

Tannin. — According to Almen a solution composed of 4 grammes of 
tannin, 8 c.c. of acetic acid (25 per cent.), and 190 c.c. of dilute 
alcohol (40 to 50 per cent.) gives a precipitate in solutions of 
albumin, albumoses, or peptones containing 1 part in 100,000, 
aft«r standing for twenty-four hours. The precipitates are soluble 
in excess of the reagent. 

Mullet makes use of tannin in his method of separating amide 
bodies from proteids (p. 167). 

Merturic Iodide with Polasgium Iodide, added to a faintly add 
solution of mixed proteids, gives a precipitate which, according to 
Neuroeister, is as complete aa that given by phosphotungstio add. 

Picric Aeid in eioeas gives a precipitate even in very dilnt« 
solutions of albumoses. Peptones are not precipitated (Konig). 

Pkofphomolyhdie acid is sometimea used in place of phospho- 
tungstic add. 

* loelndiiig Albumin IL 
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Mercuric chloride precipitates the same amount of proteid 
nitrogen as lead acetate (see p. 173). 

Action of Formaldehyde on Protdds. — K Beckmann* has 
found that albumin, albuminates, hemialbimioses, casein, gelatin, 
etc., combine with formaldehyde to form insoluble compounds, 
whilst peptones are not rendemi insoluble by the treatment. The 
solution, containing about 1 gramme of gelatin or other proteid, is 
evaporated to dryness with five or six drops of formalin on the 
water-bath. The residue is moistened with one or two more 
drops of formalin, and the heat continued for an hour or more. 
It is then digested two or three times with water at 60" to 70" C. 
in order to remove trioxjrmethylene, and is dried at 100' C. until 
constant in weight. If necessary, both proteid solution and 
formalin must be previously neutralised with calcium carbonate, 
since free acid causes the compound to be more or less soluble. 

Beckmann states that pure gelatin thus treated is rendered 
completely insoluble, as is also the gelatose obtained by heating 
an aqueous solution of gelatin for thirty to thirty-five hours on 
the water-bath. Gelatin peptone hydrochloride, however, remains 
completely soluble. 

He gives the following table of his results obtained with other 
proteids, the ash being deducted in each case. 

Per cent. 

Serum Albmnin (Merck), 92*2 

Egg „ „ 94 

Alkaline albuminate (Qrttbler), dissolved in dilute 

sodium carbonate solution, . . . .104*9 

Hemialbumoee (Merck), 92*2 

Do., purified by precipitation with 

ammonium sulphate, 97 '8 

Albumin peptone liydrocnloride(Paal), . . trace 

Casein (Merck), 98*9 

Diastase 21*8 

Tryptone, nil 

For the application of this method to the analyses of commer- 
cial peptones and meat extracts see p. 199. 

C. Lepierre,t who has recently studied the nature of the changes 
brought about by formaldehyde on certain proteid substances, 
finds that the action is one of dehydration and condensation with 
the fixation of CHg-groups. 

1. ProtocUbumoses are rendered insoluble, and the precipitate 
obtained does not dissolve in hot water, in a 10 per cent, solution 
of sodium chloride (exclusion of heteroalbumoses), or in sodium 
carbonate solution. 

* Forsehungs BerichU, 1896, iii. p. 824. 
t Joum, Pharm, Chim., 1899, p. 449. 
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2. Deuleroalbumoaes are not simple substaoces, but consist of 
a. aeries of analogous bodies convonientlj grouped together. Of 
these, the members of higher moleoular weight, i.e., Xhaaa 
approaching moat nearly in composition to the protoolbiunosM, 
are rendered insoluble by the treatment with formittdehyde, whilst 
those of lower molecular weight, approaching the true pept'>nes, 
(vre converted into protoalbumoaes, and only after long-coDtiniiod 
action of the reagent are the latter transformed into insoluble 
derivatives, 

3. True Peptones, in like manner, are converted into sub- 
stances of deut«roalbumoae nature, and these in turn into proto- 
albumoses. 

The precipitates oE these difTeront compounds are insoluble 
cold or boiling water, but when heated in an autoclave for one 
two hours at 110* C. are hydrated and rendered completely 
soluble, the solutions giving the oharact-eriatic reactions of the 
proteida from which the preoipitatea were derived. 

The condensed compounds are capable of being digested by 
acid pepsin, although with less readiness than the proteida before 
the treatment with formaldehyde. 

The DecomposltJon of Froteids. 

Decomposition of Proteida by Sulphuric Add. — Like many 

other complex nitrogenous substances, proteida are unstable, and 
can be readily broken down into simpler compouDds. Thus 
albumin, for example, when heated with dilute snlpburio acid, 
ia partially converted by hydrolysis into an insoluble substance 
(anti-albumid), and partially intx) soluble substances, consisting 
principally of albumoses and their further decomposition pro- 
ducts. 

This cteavi^e into two distinct kinds of product on hydrolysia 
is regarded as evidence of the compound nature of the original 
molecule of the proteid, the two components being termed tho 
hemi and the anti groups. 

Antialbumid, which was originally named ktmi-proteitt by 
Schutzcnberger, may be taken as typical of the an^'^group. Ia 
the sulphuric acid hydrolysis of albumin it constitutes about ODfr 
half of the resulting products. 

It is insoluble in di1nt« acid, but dissolves in dilute solutiona 
of sodium carbonate. When treated with itcid pepsin it under- 
goes hut little cliango, but alkalin trypsin converts it into a 
soluble peptone, known as ajitipepfone. 

The nature of the final products formed in pancreatic digestion 
Benres to distinguish the hemi- from the anti-groups, inasmuch aa 
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the former yield much simpler final substances, being converted 
into tyrosine and other amide bodies, while in the case of anti- 
bodies the process of digestion e^ds with the formation of anti- 
albumoses and antipeptones. 

The composition of antialbumids derived from egg albumin and 
serum albumin is shown in the following analyses of Kiihne and 
Chittenden ♦ : — 





Egg Albumin. 


Semm 
Albumin. 


Antialbumid 
from Egg 
Albumin. 


Antialbumid 

from Serum 

Albumin. 


Carbon, . . 
Hydrogen, 
Nitrogen, . . 


52-38 

6-98 

15-84 


58 05 

6-85 

16-04 


53-79 

7 08 

14-55 


54-51 

7-27 

14-31 



Decomposition of Protdds by Super-heated Steam. — By heat- 
ing a simple albuminous substance, such as albumin, in super- 
heated steam, it is converted more or less into substances of an 
albumose nature. Chittenden and Meara f obtained two albumose- 
like substances by heating coagulated egg albumin in a sealed 
tube at 150**, while sulphur was simultaneously liberated. 

Neumeister,! in his experiments with fibrin, obtained two 
distinctive soluble derivatives — atmidalbumin (precipitated by 
sodium chloride) and atmidalbumose (arfu^ = steam). 

The proportion of the two products depends on the duration of 
heating; the longer the action of the superheated water is con- 
tinued the greater being the proportion of atmidalbumose. A 
certain proportion of peptones and further decomposition products 
are also found. 

£. Salkowski§ heated weighed quantities of fiesh (freed as 
completely as possible from fat and sinew) and of fibrin with 
water at about 130* C. in a small pressure boiler and analysed the 
resulting solutions. 

In the four experiments the amounts of albuminous substance 
and water used were : — 

1. 600 grammes of flesh with 2400 o.o. of water for 8 hours at 131** C. 

2. ,, „ ,, ,, 120** C. 
8. 550 grammes of pressed blood fibrin „ 133° C. 
4. 450 .. „ .. 2000 .. 180' C. 



* ZeU,f, Biol,, ziz. pp. 167 and 173. 

t Joum. Physiol., xv. p. 501. 

t ZeU, Biol, zxvi. p. 57, and 1898, xzxvi. p. 420. 

i Ihid,, 1897, p. 190. 
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And the composition of tbe refiultmg aolutions was: — 





1. 


2. 


S. 


4. 


Drj Substance, grammeii, . . 
Orgtnia Substauca, grammes, 

Asb of Total Solids, per cent., 
Milrogen, 

Sulphur 

Kado of Sulphur to Nitrogen, . 


60-25 
4B-30 
4-85 
9'85 
H-01 
18 20 
0-61 
1:81-70 


47-87 
«2-B2 

6'Sfi 

ii'ie 

13 -93 

IBM 

0-6S 

1: 30-20 


88 00 

83-65 
0-(6 
86 

ifl-aa 

16-74 

0-71 

l!i8-8 


81 73 
01 -S5 
0-38 
0-62 
18-62 
1676 
076 
1:88 



The amouut of fleah and of fibrin dissolved hy once befttii^ 
viere 38'7 and 58-16 per cent, respectively. And in the case of 
fiesb, one-third of the proteid siibstances aud two-thirda of the 
mineral p&atied iuto soluliuu. 

The ratio of sulphur to iiitrogon was 1 : 31, whilst la the freeb 
flesh it waa as 1 -. IG'?, a fact wbieh showed tbat sulphur «-aa aptit 
off in the proeees. 

Atmidalliuinin and AtmidaVnimogea. — Neumeister found tbo 
charaoteristio products of tbe action of steani ou tibrin (atmid- 
albumin and atmidalbmnose) to be very refractory to the actioa of 
pepsin sjid trj'psin and putrefactive decomposition, but SaUcowski 
ol^rved no difiereuce in their behaviour in this reapect fron 
ordinary proteids. 

In Satkowski's opinion it is probable tbat atmidalbumose tnftj 
bo able to replace albumiu ui food, though he coimiders that tlis 
question oautiot be decided by tbe results of exporimeutB on lower 
uiiiinals. 

AtmidalbuQiiu appears to be intermediate in ita propnllea 
between ulbuminouit substances and primary albumoses, and in 
Xeuraeister'ii opinion it is probably albumin hydretcd without 
decomposition. Uu treatment with sulpburic acid atmidalbamin 
and aUnidalbumoses are liydrolysed to deutero-albumosoe, from 
which it may be inferred that they have a greater molecular weight 
tlian the Utter, 

Chitteuden * considers that notwithstanding the fact of their 
bi'ing soluble in water, atmidalbumoses are closely related to 
tbe antialbumid formed by the action of acids on proteida, and 
tluit, liko il, they are derived from the an^i-group of tbe molecule^ 

Ht gives the following analyses to illustrate tbe cliange wbioh 

is brought about by the action of su]xrrbeattid steam ou ooagulatod 

* iltd. Rccvrd. 1BG4, p. 462. 
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egg albumin, together with an analysis of antialbumid for the 
purpose of comparison : — 





fflUS^ 


"SS* 


bjMdlnm 




CubOD, 

NitrogBn, . 
Sulphnr, . 
Oxygen, . 


62-88 
fi-SS 

1&-84 
1-81 

as-o* 


BE 18 
0'93 
14-28 

i-ea 

2200 


66-04 

e-se 

14-17 


68-79 
7 08 
14-6B 



Decompositioii of Ftoteids I^ Proteolytic 

I. Oastric or Peptic Digestion.— The eazyme, pepsin, which is 
contained in the gastric juice acts upon native proteida in the 
presence of bTdrochlorio acid, breaking them down into simpler 
Bubstaaces. In this procese the tendency of the original molecule 
to cleavage into beroi- and anti-groupe is ol>served, though not to 
the same extent as in the decomposition brought about by sul- 
phurio acid. 

In peptic digestion the albuminous substance (albumin, for 
example) is first converted into acid albumin or syntouin, which is 
then split up into primary proteoses or groups of proteoses, 
collectively called (in the case of albumin) amphoalbumoseB. 
These consist of protoalbumoses and beteroalbumoses, to the 
former of which the hemi-^roups of the original proteid molecule 
chiefly contribute, while the latter are mainly derived from the 
anti-group. 

By the continued action of the enzyme the primary proteoses 
are further broken down with the formation of a mixture of 
secondary proteoses (amphoalbumoses). These are termed deutero- 
albumoees, and, like the primary albumoeee, contain representatives 
derived from the hemi- and the anti^roupe. 

Finally there reeults a mixture of hemi- and anti-peptones, the 
former of which are characterised by being readily converted into 
simpler Bubetancee like tyrosine on treatment with alkaline trypsin, 
while the latter remain unchanged. 

At different stages of the digestion a certain number of anti- 
groups of the compound may be split off to form substances of 
which antialbumid may be teJLcn as the type, and this body, wbeu 
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the digestion is very ftctive, is partinlly oon^Brtod into deuterc*- 
albumoses and antipeptoneB. 

Neumeister* illustrat«s these changes by the following echenu; 
in which the relative proportion of hemi- or anti-gronps in the 
hydrolyeed derivatives is indicated by darker or fwnter lines : — 

ALBIIMIN UOLECtJLE, 

ADti-gToapa) 




FrotMlbumoM 
(A mphoalhumou) 

Deatcroalbamou 

II 

Amp1iop«ptoiie 



D>-uteTi>klbumos» 
[Amphoalbumoae) 

II 

Amphopeptone 



Deo terul bum om 
{A-atiaibumoit'l ' 

AntipeptoDG 



Owing to the want of accurate knowledge as to the relative 
of the molecule, it has not yet been determined with certainty 
how raany molecules of peptone are derived from each molecule of 
deuteroalbumose. KeunieiBter,t however, points out that accord- 
ing to Sabanjeff'a determinations by Raoult'a method, the mole- 
cular weight of protoalbumoae from egg atbumin is about 3400, 
and that of the peptone from the same source about 400. If this 
be correct, it would follow that &\\ peptone molecules would be 
formed from each molecule of protoalbumoae, and from the original 
albumin molecule (about 15,000) there would result some forty 
molecules of peptone. Hence thirty-four molecules of peptone 
would be derived from the heteroalbumose. 

The hydrolysis of other proteids by pepsin gives products 
analogous to tiose yielded by albumin. Thus, fibrin yields proto* 
tibrinose, heterofibrinose, deut^rofibrinose, and amphopeptODea ; 
whilst the proteoses derived from the myosin of muscle are termed 
protomyosinose and deuteromyosinose. 

The composition of some of the more important of thcae 
derivatives is shown in comparison with that of tlieir parent pro- 
teids in the following analyse!*, given by Chittenden.} 

• Zt^L Biol., 1887, p, V. SSI. 

t Uhrbueh dtr Phyt. Chm . 18B7, p. 2S1. 

I Maiieal Jleenni, 1894, p. tSB. 
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PE0TE0LT3IS OF BLOOD FIBEIN. 
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PBOTEOLYSIS OF UY03IN FROU MUSCLE. 
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21 'SO 
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PROTBOLVSia OF GELATIN. 
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Parent Proteid. 






Carbon, . 
Hydrogen, . 

NitrogHQ, . 

Oxjgen, J 


E4-31 

7-27 
18-70 
2179 


64-G2 

7'01 
IS'SS 
2161 


G3-I] 
7-08 

16-85 
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It iB interestiDg to note from these results that, in general, the 
proportion of carbon falls as the hydrolysis proceeds. !□ the 
case of gelatin, however, there is no marked diSTereuce in the < 
position of the parent proteid and its derivBtives, while proto 
elastose contains slightly more carbon than the elastin from which 
it was derived. 

This is another instance of the m&ny particulars in which theee 
two albuminoids differ from albuminous substances. 

It is not possible to artificially convert the whole of a givea 
proteid into peptones, as some intermediate products resisting thv 
action of the pepsin are invariably left. Tlius, in Cliittenden's 
experiments the largest yield was about 60 per cent., and the 
average below 50 per cent. The process, which is at first rapid, 
soon becomes alow, possibly owing to the interference of the 
products, which in natural digestion may be removed as soon 
formed. Experiments were therefore made in which the digestion 
was carried out in a parchment dialyser, so as to imitato mora 
closely the natural process by removing the soluble prodneto. to 
no instance, however, was there any marked increase in the )-i«ld. 

From the results of his own experiments and those of others on 
the living subject, in which, after the digration of egg nlbumin for 
forty-five minutes, it was found that more albumose than peptone 
had been formed, Chittenden considcT^ that complete peptonisa- 
lion is not brought about either in natural or artificial p^itia 
digestion, and that the function of the process is to prepare the 
way for the profounder changes caused by pancreatic digestion. 

II. Pancreatic Digestion. — The action of the enzyme (trypsin) 
of the pancreas on proteids is much more pronounced than that 
of pepsin, from which it also differs in being most active in a 
slightly alkaline medium {Q-fi to 1 per cent, sodium carbonate), 
certain proportion of free acid is required by pepsin, but the action 
of tiypsin is arrested by the presence of much hydrochloric acid. 

By the action of alkaline tiypsin natural proteids are rapidly 
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converted into peptones. Primary proteoses are seldom found, 
the proteid being apparently first converted into deuteroproteoses. 
Neumeister* gives the following scheme illustrating the changes 
which albuminotis substances undergo in trypsin digestion : — 

Native Albamin 

Dcuteroalbnmoses 

Amphopeptones 

Antipeptone Hemipeptone 

, i i i i i 

Leucine Tyrosine Aspartic Aoid Tryptophan, etc. 

Theoretically, it should be possible to convert the whole of the 
hemipeptone into crystalline substances, such as leucine, etc., 
but in practice Chittenden f found that upwards of 50 per cent, 
remained, even after long-continued digestion. 

At various stages of the digestion, antialbiunids may be split off, 
but this appears to happen less in natural digestion than in 
artificial digestion carried out in a flask. Where it occurs in the 
system it must represent a loss of nutriment, since antialbumids 
are very resistant to further decomposition. 

In artificial digestion experiments they separate from the liquid 
in the flask in the form of a gelatinous mass. The amount de- 
pends on such conditions as the nature of the original proteid 
and the strength of the solution of trypsin, but under favourable 
circumstances may be as much as 25 per cent. 

Chittenden gives the following analysis of myosin antialbumid 
formed in the tiypsin digestion of myosin from muscular tissue : — 
Carbon, 57 '48; hydrogen, 7*67; nitrogen, 1394; sulphur, 1*32; 
and oxygen, 19 '59. 

The most important of the characteristic crystalline products 
of trypsin proteolysis are : 

Leucine or amido-caproic acid, 

^g«\cH - CHj - CH - NH2 - COOH. 

Tyrosine or para-hydroxy-phenyl-a-amido-propionic acid. 



c.<?icH<;g55H, 



• Lehrhueh Phys, Chem., p. 247. t Medical Record, 1894, p. 546. 
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which are representative of two distinct groups (fatty acid and 
arouiatii!) in the origiual proteid molecule. Both are formed in 
eunsiderable qimntitj in trypsin digestion. Thus, for example, 
Kijhne fo\ind in a typical experiment 9'1 per cent, of the forarr 
and 3'S per cent, of the latter. They tire formed in much larger 
proportion in artificial digestion than in the uattiral prooeaa in 
the body. Other cryataitine products which have hcen isolated 
are, l^-sine or di - amido - caproic acid (C,Hj,NjO^ ; lyaatinc 
(CjH|jNjOj), a member of the kreatinine group (p. 8); 
aspartio acid or amido-succinic acid (C,H;0^ ; and glutamic acid 
(CsHgO,). 

Iryjitr/phaa or Protein - cliTomogen is a curious product of 
trypsin digeRtion, and is ako formed in the decooipoeitioQ of 
proteids by other agents. It combines with chlorine and bromine, 
forming with either a brilliantly coloured compound, which, iii 
tie c!we of the latter halogen, has been called the 'brominv 
body,' The analysis of an impure preparation by Stodelmann 
gave the following results: — Carbon, 4900; hydn^en, 6 28; 
nitrogen, 1099; eulphur, 377; oxygen, 1101; and bromine, 
19 '95 per cent. 

Chittenden * calculatea the composition of the tryptophan 
to be: — Carbon, 61'02; hydrogen, 689; nitrogen, 13G8; sulphur, 
469; and oxygen, 13'71 per cent. In his opinion the evidence 
all points to ita being a synthetical compound, resulting from 
the union of two or more of the decomposition products of tba 
original proteid, and conttuuing the sulphur which is liberated from 
the hemi-peptones in their conversion into crystalline products. 

Iifmtijieaium o/ the Prodveta qf the Digettion of Fibrin hy 
Alkaline Trypsiiu — Any unallered fibrin ia removed by slightly 
acidifying the alkaline liquid with acetic acid and boiling. The 
neutral filtrate is concentrated on the water-bath, and a portion 
tested tor deuteroalbumoses by diluting it with an equal voluma 
of saturated salt solution and adding acetic acid. 

Another portion is saturated with zinc sulphate, and the filtrat« 
tested for peptones by the biuret reaction. When present tbeae 
are precipitated by adding bromine, or, with teas exavtnees, by 
tannin. 

When the digestion has proceeded for several days, the solution 
contains neitlier coagnlable albumin nor aUmmuses. In such 
cases the ueutralised solutiou on couccntration deposita most of 
the tyrosin as a crystalline maee. The filtrate, when evaporated 
further and allowed to stand, yields a further deposit of tyroeice 
occasionally mixed with leucine, the former crystallising in highly 
refractive needles, the latter in globular masses. 
* italical Saeord 1891, p. US, 
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These amido-cu^ids can also be separated by extracting their solu- 
tion with boiling alcohol, which dissolves only the leucine. The 
residual tyrosine is purified by dissolving it in warm ammonium 
hydroxide, reprecipitating it by neutralisation and washing the 
precipitate with water. 

Trypsin Digestion of Gelatin. — The products formed in the pan- 
creatic digestion of gelatin are analogous to these formed in the 
peptic digestion — viz., protogelatoses, deuterogelatoses, and gelatin 
peptones. But amido-acids do not appear to be produced, pro- 
vided all bacterial action be prevented. Native collagene, the 
parent substance of gelatin, is not acted upon by alkaline trypsin. 

III. Papayotin Digestion. — The enz3rmes secreted by insect- 
ivorous plants are analogous to animal pepsin and trypsin, and 
cause a similar decomposition of proteid substances. That con- 
tained in the juice of the papaw tree, Carica papaya, of Java, is 
the best known. It is found in all parts of the plant, but is 
usually extracted by leaving the juice of the imripe fruit imtil the 
resins deposit, and precipitating the papayotin from the filtrate 
with alcohol. It differs from pepsin in not acting in hydrochloric 
acid solution, and from trypsin in being less thorough in its action. 
In a 0*2 per cent, alkaline solution it is said to hydrolyse from 
seventy to eighty times its weight of fibrin in a few hours. 

It has been stated that the conversion effected by papayotin 
does not proceed further than the formation of various albumoses, 
but Chittenden * has found that true peptones are formed. Neu- 
meister has met with substances of the nature of atmidalbumin 
and atmidalbiunose. Cibil's and Antweiler's flesh peptones are 
both said to be manufactured by means of papayotin. 

Decompodtion of Protdds by Bacteria. — The action of many of 
the species of bacteria on proteid substances is similar to that of 
the enzymes, and it is not improbable that such enzymes are pre- 
sent in the bacterial cells. According to the conditions of the 
hydrolysis, albumoses, peptones, phenol-compounds, and an im- 
mense number of simpler substances, among which may be found 
one or more of the ptomaines (p. 223), are produced. 

* Amer, Jour, PhynoL, 1893, 1. p. 25. 



CHAPTER IX. 

MEAT EXTBACTS AND FLESH PEFTOKES. 

Of recent years the comfwsitioD, food ■value, and luetluxls of 
eiaminisg extiacta of meat and similar substances have received a 
coaaiderable amount of attention, which is not aurpiisiog consider- 
ing the number of new preparaliona continually put upon the 
market, and the cxag)^eratod Btat«mentB of efficacy put forward by 
the vendors of some of these. 

Manufacture of Meat Extract. ^Altbou^^h the name of Liobig 
is inseparably connected with a certain cUiBSof these products, the 
great German chemist waa not the first wlio proposed to codcod- 
trate the soluble part of flesh, although he was the first to show 
how the suggestion might be carried out with commercial succeaB. 

The fintt eiperiments were made in Munich under the direction 
of von Fettenkofer in 1850-1852, and eventually the manufacture 
was commenced on a large scale at Fray Bentos in Uniguay. 

The method originally proposed by Liebig consisted of soaking 
the finely divided flesh in eight times its weight of cold water, filter- 
ing the liquid from the insoluble fibre, heating it to coagulate tbe 
dissolved albumin, filtering this off, and concentrating the filtiate 
by evaporation to a syrup. In practice, however, it waa found 
necessary to employ a higher temperature for tbe extraction ; the 
flesh, in a fine state of division, was mixed with the requisite 
amount of cold water (free from calcium sulphate), and the 
mixture gradually heated to 180' F. 

Since from 30 to 32 lbs. of lean raoat arc required to produce 
I lb. of meat extract (freed from albumin and fat), and the 
amount of lean meat in a cow only amounts to some 300 to 350 
Iba., it is obvious that meat extract could not be profitably manu- 
factured in Europe. 

The residue left after the extraction of the soluble matter !• 
used as manure (FleiiMshJmoehenmehi), and, when mixed with salts 
and other substances, has been made into various articlos of human 
food (e/. p. 106). 

'i'he mauulacture of 'Liobig's Extract of Meat' has boea 
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decided by the High Court of Justice to be public property, and 
there are now several firms, in addition to the original liebig's 
Company, which sell a preparation under that name. 

Beef Tea, — In ordinary beef tea there is generally a fairly large 
proportion of gelatin, owing to the boiling water acting on the 
coliagene and rendering a large proportion of it soluble. The 
mineral salts and meat iMises will be even more completely extracted 
than in the manufacture of commercial meat extracts, and the 
higher temperature of the water will also cause a large amount 
of the fibrin to be hydrolysed with the formation of albumoses, 
and possibly in some cases peptones. Analyses by the alcohol 
method of various kinds of concentrated beef tea are given on 
page p. 200. 

jPhysiological Value of Extract of Meat. — WaJter. — In judging 
of the comparative value of different kinds of meat extracts, the 
degree of concentration is obviously of primary importance, for 
the less the quantity of water left, the greater will be the pro- 
portion of solid constituents. 

Food Value, — Ldebig expressly stated that his extract of meat 
was to be regarded as a stimulant, like tea or coffee, and not as a 
food, and his view is in the main confirmed by the experiments of 
later chemists. Thus, to mention one only of the more recent 
statements, C. Voit * asserts from the results of his experiments 
that extract of meat is practically useless as a food. 

Albumin, — For this reason albumin is removed from the extract, 
since although it has a definite food value the quantity is too 
small to be of service, and at the same time the value of the pre- 
paration as a stimulant is reduced. An addition of albumin is 
made to certain preparations, but can scarcely be regarded as of 
any material service. 

Meat Bases. — ^The meat bases are undoubtedly the most import- 
ant constituents of meat extract. They have a stimulating action 
on the heart, increase the secretion of the saliva, and aid the 
digestive processes. 

As is mentioned in the description of leucomaines (p. 218), 
some of the flesh bases act as poisonous alkaloids when taken in 
large quantity, and to this must probably be attributed the 
injurious effects which result from taking beef tea or meat extract 
in too great excess, t They appear to be of no value as foods, for 
Rubner | found that kreatinine does not even act like gelatin in 
saving albumin. 

Added Meat Fibre, — ^In several preparations an addition of flesh 
powder (with or without albumin) is made with the object of 

• Munich Med, Woch,, 1897, 44, p. 219. 
See Aitken's Animai Alkaloidi, p. 46.V^ t ZeU. BioL^ 1884^ ^. ^^^. 





188 



FLESH FOODS. 



giving them Bome definite food value. As this amoante to at tnoet 
some 8 or 10 por cent,, it is obviouB that a large quantity of tlie 
substance would be required to obtain aa much unaltered protcid 
AS is coutained in an egg. On the other hand, it hus boon pointed 
out that there is nothing to show that flesh powder euspendvd in 
meat extract is more digestible than ordinary flcah in the samo 
fine state of division, whilst the amount of flesh boaes, the prin- 
cipal stimulating agents, is correspondingly reduced. 

Gelatin. — In the commercial process of manufacturing meal 
extract care ia taken to extract the Besh at as low a temperature 
as practicable in order to prevent the formatiou of gelatin from 
the coUagene. In ordinary household beef tea, where this pre- 
caution is not taken, gelatin forms a considerable proportiouof the 
filial product. 

Although gelatin b not altogether valueless, its food value ia of 
a very different order to that of albumin, and if the latter should 
be removed from meat extracts as interfering with their stimulating 
properties, much more so should the former. 

Tlie function of gelatin in the system is to save the albuminous 
8ub8tance3 which would otherwise be oxidised with the formation 
of heat, but it is quite incapable of replacing the nitrogen daily 
lost by the disintegration of the cells of the body. For instance, 
Voit • found that a hungiy dog lost fl'3 grammes of nitrogen per 
day, but by giving it gelatin the daily loss sank to 2'1 grammes. 
This latter quantity represented the loss from the organic nitrogen 
of the cell decomposition ; and it was found that by adding that 
amount of albuminous nitrogen to the gelatin, equilibrium was 
established. 

Added Sa^t. — In analyses of these preparations it is usital to 
calculate the whole of the chloride into sodium chloride, although 
the greatest proportion of the naturally occurring chlorides in 
flesh consists of potassium chlorida In order to calculate tho 
amount of added salt, Allen t makes an allowance of 0*06 per cent. 
of chlorine as sodium chloride for each unit per cent, of solid 
matter present, and deducts this from tho total chlorine as sodium 
chloride found in the extract. 

I.iebig stated that no addition of common salt was required, 
and it ia manifest that, hke added meat fibre, such an addition 
must lessen the proportion of meat bases. 

Fluid Beef and 'Peptones.' 

Various methods of acting upon meut fibre, so as to convert it 

into soluble products, have been employed in the manufacture of 

* &tt. MiaL, ISSi, p. 28*. t Coiun^d^ Organic Annlyrit, iv. p. 303. 



•peptones' pbepabed by the action of steam. 189 

fluid beef and the so-called peptones, the intention in each case 
being to have not only the flesh bases and other extractives of the 
mea^ but also the nutritive part. 

The Action of Snperheated Steam. — By the hjdrolysing action 
of superheated steam, fibrin is converted into substances of an 
albumose nature. This method was first described by Wohler, 
who obtained! a brown liquid on heating muscular fibre with water 
for two to three hours in a sealed tube. The nature of the pro- 
ducts thus formed (atmidalbumoses, etc.) and the changes caused 
in flesh are described on pages 177-178. 

Koch*s and Kemmerich*8 * Peptones.* — These are said to be manu- 
factured by modifications of this process, the coUagene being first 
removed from the flesh as completely as possible. Analyses of 
these are given on pages 198 and 203. 

Somatose, — This is a preparation which has met with a consider- 
able amount of success in Germany. It is said to be manufactured 
by a steam process, and is classified by Denaeyer with such pre- 
parations. According to the latter authority'"' it does not contain 
true peptones but has a large proportion alkali-albumin (albu- 
minate), 

According to an analysis by 0. Hehner, somatose has the follow- 
ing composition: — Water, 14*16; fat, 0*41; total nitrogen, 
11*54 ; proteid nitrogen, 10*88 ; albumoses, 62*13 ; peptones, 5*87; 
meat bases, 3*50 (factor 6*3); ash, 5*26; and difference 8*67 per 
cent. 

A. R. Tankard, t using Allen's bromine method, found the com- 
position of another sample to be : — Water, 14*25 ; total nitrogen, 
10*78; proteid nitrogen, 9*94; alkali-albumin, 21*83; coagulable 
albumin, 3*40; albumoses, 33*96; peptones, 3*06; meat bases, 
2*62 (factor 3*12) ; ash, 5*30; difference, 15*58. 

As regards the food value of somatose, F. Massen | states that 
it has a high nutritive value and can replace albumin in the 
animal system. When given to aneemic persons it is said to 
increase the number of red corpuscles and the amount of 
haemoglobin. 

Dr. Priebsch informed the author that in the military hospital 1 
in Vienna it has been found of considerable service in the case of j 
patient» who were unable to assimilate other food. 

On the other hand, R. Neumann § states that these con- 
clusions are not altogether borne out by the results of his ex 
periments. 

• 

* La Oompontion des Peptones de Viande, 1896, p. 5. 
t Allan's Commercial Organic Analysis, iv. p. 884. 
X Zeii. Untersuch. Nahr. Oenussm., 1898, p. 260. 
§ Munich Med. H^oeh,, 1898, pp. 72-76 and 116-119. 
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' PejilarrtM.' — Tbia ia a preparation mnaufactured by the 
Liebig's Extract of Meat Company, and is probably the same a> 
Kemmerich's original pept^ae. The manufacturerB atat« that 
its oompoaition ia:— Water, 28-96; gelatin, 3'92; albumin, 1'85; 
albumosea, 23-42 ; peptones, 23-06 ; meat baaes, 8-94 ; fat, 0'18 ; 
Bodium chloride and phosphates, 9-68 per cent. Total nitrogen, 
9 '95 per cent. 

By precipitating tho filtrate from the albumosea with bromine 
water, Allen found only 7'67 per cent, of peptones, and probably 
a large proportion of the nitrogen of the peptones in the nianufao- 
turera' analysis ought to be assigned to the fleah basea. 
(Of. pp. 201-202.) 

The Action of Pepsio. — Peptones are manufactured by tliA 
action of pepsin on Gnely divided flesh acidified with tartaric acid 
or hydrochloriu acid, 

AccordingtoDeDaeyer,* the tartaric acid peptones are in the form 
of ft white hygroscopic powder with a marked after-taste. Owii^ 
to the length of time required for the action of tho pepsin 
(at least tnenty-four hours) and the large excess of tartaric 
acid necessary the proportion of albumosos and peptones does not 
exceed 35 per cent, and further decomposition products are formed. 
By the use of hydrochloric acid (2 percent.) instead of tartaric acid 
a higher yield of albumosea and peptones can be produced, np to 
70 per cent, being precipitable by alcohol, although Denaeyer states 
that in practice the quantity rarely exceeds 60 per cent. 

For the nature of the changes in proteids under the action of 
pepsiu see pages 179-182. 

The Action of Trypsin. — Numerous pancreatised products ore 
in the market. They are prepared by the action of alkaline tryp- 
sin on flesh, blood Rbrin, milk, etc. As a rule they contain more 
or less of the amido-decom position products of the proteids such aa 
tyrosin, leucid, etc., which have a bitter taste (c/. pp. 182 and 203). 
The peptones of Sanders Ezd and of K Merck are sud to be pre- 
pared by this process. 

Papayotin Peptones. — Cibil's peptone in America and Ant- 
weiler's peptone in Germany are stated to be the products of the 
action of papayotin on flesh (r/. pp. 198 and 203). It is said 
that Antweiler's preparation is manufactured by removing the 
collagene from the flesh as completely as possible by hoiluig it 
with water, and then acting on the reaidual fibre with the juice 
of the plant 

Physiological Value of Fluid Beef and FleBb Peptones. — An 

enormous amount of controversy has taken place on the subject 

of the nutritive value of these sent i -digested products, and conflict- 

* Im Cumpo$Uion dei PtpCoiut dt riandt, [>p. OS. 
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ing evidence as to the results of experiments with various prepara- 
tions is brought forward. 

Abeorption of Proteids. — The view formerly accepted was that 
all proteids were converted in the intestine into peptones, and that 
the latter by reason of their more diffusible nature were readily 
absorbed into the blood. It is now known that the process of 
peptonisation is not necessary for absorption, and that, when it 
does occur, some further alteration of the albumoses and peptones 
formed must be brought about by the blood capillaries of the in- 
testine wall before they can pass into the blood. 

Absorption of Syntonin and Albuminates. — Many, if not most, of 
the albuminous substances can be directly absorbed as acid or alkali 
compoimds, as was shown by the experiments of Voit and Bauer, who 
introduced syntonin from beef muscle and albuminate from egg 
albumin, into the small intestines of dogs, from which enzymes 
had been previously removed, and foimd that whilst only traces 
of albumoses and peptones could be detected at any given stage, 
the proteids were completely absorbed in one to four hours. 

Injection of Albumoses and Peptones, — Moreover, albumoses and 
peptones are never foimd in the blood, and when introduced by 
way of a vein are promptly eliminated through the kidneys. If 
the quantity injected be large, symptoms of poisoning ensue simi- 
lar to those caused by toxalbumoses. In most cases the coagulation 
of the blood is interfered with, although it is remarkable that 
protoalbumose and antipeptone do not have this effect (Kiihne). 

Food Value of Albumoses and Peptones, — Experiments have 
shown that certain albumoses and peptones are quite capable of 
replacing the daily loss of nitrogen arising from the decomposition 
of the cells, and establishing equilibrium, but in Neumeister's 
opinion* they have no more nutritive value than native albumin- 
ous substances for healthy persons, and he considers the point as 
more than doubtful in the case of invalids. 

C. Voit,t too, found in his experiments that antipeptones 
acted like gelatin in sparing albumin, though they could not 
replace it. {Cf p. 188.) 

A further question arises as to the effect of the continued use of 
albumose and peptone preparations as substitutes for native albu- 
minous substances. From the observations of Zuntz, of Gerlach, 
and of Pfeiffer with various substances of this nature, impleasant 
after-effects frequently result. 

In the present state of our knowledge, or rather want of know- 
ledge, as to the changes which peptones and albumoses imdergo 
before their absorption into the system, it seems somewhat pre- 

* Lehrbueh Phys, Chem,, p. 806. 

t Fiertelj. Chem, Nahr. Oenussm., 1897, p. 165. 




mature to conclude from inaufflcient experimental data that the 
hydrolysed produots of proteida, obtained bjf an attifioi&l proceas 
oiitHide the body, can universally replace natural albuminous snb- 
BtaniiCB or their digestion producta formed under imperfectly 
known conditions. 

The Analysis and Composition of Ueat Extracts and 
Peptones. 

The determination of water, mineral matter, total nitrogen, 
soluble albumin, gelatin, and added meat fibre arc now usually 
made as described in Stutzer's method (p. 193), with slight modi- 
fications, and it ia only in the differentiation of other kinds of 
soluble nitrogen that essential ditTerences are found in the methods 
used by various chemists. 

The author has made use of the following method in recent 
analyses of these preparations. 

Synlonin is determined in the filtrate from the ooagulatfld 
albumin by rendering the liquid slightly acid with acetic acid, 
adding potassium ferrocyanide, and heating. If any precipitate 
formed on the addition of the reagent does not rediseolve, the 
liquid is exactly neutralised, with litmus as indicator, the precipi' 
tate filtered off, and its nitrogen determined by KjeldaU's method, 
and multiplied by the factor 6'25. 

Albumoses. — The filtrate from the syntonin, or, in its abeence, 
from the coagulable albumin, is saturated with zinc sulphate aa 
described on page 164, The precipitate is washed with a saturated 
solution of zino sulphate, and the nitrogen it contains estimated 
in the usual manner and multiplied by the usual factor. 

PeptoTies. — To an aliquot portion of the filtrate from the albu- 
moses is added an excess of bromine water as recommended by 
Allen, the precipitate being collected and ita nitrogen estimated as 
described on page 168. 

Ammoniaeal Nitrogen. — A second aliquot part of the zinc sul- 
pltate tiltrate is distilled with barium carlionatc. 

Meat Bate* and Amido-C&mpoundg. — The total nitrogen in a 
third aliquot portion of the filtrate from the zinc sulphate pre- 
cipitation is determined, and the difference between the result and 
the peptone and ammoniacal nitrogen previously determined majr 
he taken aa the nitrogen of the meat bases and other nitn^enotu 
compounds, 

Stutzer's factor (3-12) is most commonly used for calculating 
the nitrogen into meat bases, etc., but is only an approximation, 
Hehner prefen to use the factor 625 for all the nitrogenous oon- 
Btituente, since although this is much too high for the meat bases, 
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it makes the non-nitrogenous extractives (determined by difference) 
considerably lower, and the two errors balancing one another to 
some extent, he considers that the results thus calculated represent 
more nearly the true composition of the preparation. 

Stutzer's* Method.~L Estimation of Water^ Ash, Sodium 
Chloride, and Total Nitrogen, — From 5 to 7 grammes of a dry pre- 
paration, or from 20 to 25 grammes of fluid extract, are weighed 
into a thin tinfoil basin, dissolved in a little hot water, and ignited 
sand (freed from dust by means of a sieve) added in sufficient quan- 
tity to absorb the liquid. The basin and its contents are then dried 
until the weight is constant, the loss giving the water. The basin 
and the residue are subsequently used in the estimation of gelatin 
(see iv.). 

Similar quantities of the preparations are taken for the deter- 
mination of the ash, sodium chloride, and total nitrogen, all of 
which are carried out in the ordinary manner. 

ii Nitrogen in the Form of Unaltered Proteids, Coagtdahle Albu- 
min, and Flesh Powder, — In order to detect the presence of meat 
fibre, the extract is treated with cold water and examined micro- 
scopically. If fibre be foimd the following method is adopted : — 
From 5 to 25 grammes of the preparation according to its state of 
dryness are repeatedly extracted with cold water, the insoluble 
matter collected on a filter, and the nitrogen it contains deter- 
mined. This gives the nitrogen of the flesh powder with slight 
quantities of other unaltered proteids. 

The filtrate is acidified with acetic acid, boiled, and filtered. 
The nitrogen of the insoluble portion is that present in the form 
of coagulable albumin. 

When meat-fibre is absent, a weighed portion of the extract 
is treated with water and acetic acid, and the nitrogen of the 
insoluble portion (coagulable albumin) determined as before. 

The filtrate may also be made up to a definite volume and the 
nitrogen determined in an aliquot portion. The difference between 
the result and that of the total nitrogen gives the amount present 
in the form of albumin. 

iii. Nitrogen in the Form of Ammonium Salts, — From 5 to 25 
grammes of the preparations are dissolved in water, barium carbon- 
ate added, and the ammoniacal nitrogen distilled into standard acid. 

iv. Gelatin Nitrogen, — ^The residue of sand and extract left in the 
determination of the water in i. is ground in a mortar, the tinfoil 
cut into small strips, and the whole placed in a beaker where it is 
extracted with 100 c.c. of absolute alcohol, the supernatant liquid 
being removed each time by filtration through an asbestos filter. 

The residue is now treated with a mixture of alcohol and ice- 
* Zeit, anal, Chem,, 1896, pp. 872 and 568. 
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■water, prepnred by mising in a large flask 100 grammes of aJcohol 
vritli about 300 grammea of ice and addiug sufficient water to 
bring the total weight up to one kilogramme. This flask and four 
beakers {6, e, d, and e) are placed ill a bath filled with broken ice. 
The beaker a, cootaining the sand, peptjsne, eta., ts also placed id 
the ice-bath, and 100 c.c. of the alcoholic ice-water poured into it, 
care being taken to keep the temperature of the mixture below 
+5*C. After the whole ha« been stirred with a glass rod for about 
two miautes, the supernatant liquid is poured into l>eaker b, a piece 
ot ice being added at the same time. The extraction iu beaker a ia 
then repeated with a fresh portion of alcoholic tee-water, the liquid 
being decanted into beaker e; and this process is oouliuued tmtil 
the liquid above the sand ia completely colourleaa. 

In order to filter the extracts three aaheatos filters are used. 
These consist of funnels about 7 cm. in diameter at the top, m 
each of which is placed a perforated porcelain disc covered with 
long-fibred asbestos. The first fitter receives the liquid in beak«r 
a and the insoluble residue excepting the sand. The contents of 
beaker b are poured upon the second filter, while the third filter la 
used for <•, rl, and e. After being well waahcJ with the alcobolio 
ice-water, the whole of the asbestos filters and the sand in beaker 
a are repeatedly boiled with water, the extracts filtered, tbo 
united filtrates concentrated by evaporation, and the residue used 
for the deteriniuatiou of the gelatin nitrogen. 

V. Nilro'jen in the Form of Flak B(uea and Deeamporition fro- 
iluetB Soluble in Alcuhol. — Five granMues of the dry preparatJODS 
are warmed in a beaker with 25 c,c. of water. In the caw of 
extiacts 1 gi'ammes are taken with 10 c.c. of water, and with fluid 
preparations from 20 to 35 c.c. arc taken and no water used. Thia 
peptone solutions should be concentrated to aliout oue-half their 
volume on the water-bath. 

To the solutions 350 o.o. of absolute alcohol are gradually added 
with continual stirring. After standing from ten to twelve boura 
the liquid is filtered, and the residue repeatedly washed with alcohol 
Leucine, tyrosine, and other decomposition products, together with 
part of the flesh bases, will be in solution. The alcohol is com- 
pletely removed by distillation, the residue dissolved in water, and 
the solution filtered from the insoluble matter. The nitrogen of 
the insoluble residue ia determined and added to the albumose 
nitrogen subsequently determined. 

The filtrate ia diluted to 500 c.c. and 100 e.c. taken for th« 
estimation of the total nitrngcn present, and a similar ankount for 
the antmoniacal nitrogen. The difi'erence between the two results 
gives the nitrogen present in the form ot fleah bases and decom- 
position products. 
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vi. Treatment of the Residue Insoluble in Alcohol, — The filter con- 
taining the insoluble residue from v. is washed with water into a 
beaker, the alcohol evaporated on the water-bath and the liquid 
filtered. A small quantity of the albumoses usually becomes 
insoluble through the action of the alcohol, and the nitrogen in 
this must be determined and added to the albumose nitrogen 
subsequently found. 

The filtrate is made up to 500 c.c, of which 50 c.c. are taken for 
the total nitrogen, 50 c.c. for the albumose, gelatin, and peptone, 
and 100 c.c. for the peptone alone. 

The remainder of the liquid is concentrated by evaporation 
and tested for peptones by the biuret reaction applied to the 
filtrate obtained after precipitating the albumose and gelatin by 
saturating the liquid with ammonium sulphate. 

vii. Pancreas Peptone. — The solution obtained in vi. contains, in 
addition to gelatin and albumose, the entire pancreas peptone. 
One hundred c.c. of the aqueous solution are evaporated to about 
8 or 10 c.c, the gelatin and albumose precipitated by the addition 
of at least 100 c.c. of a cold saturated solution of ammonium 
sulphate, the precipitate washed with the same solution and dis- 
solved in boiling water. The solution is then evaporated to dry- 
ness with barium carbonate to expel all the ammonia, the barium 
sulphate and carbonate removed, and the nitrogen found in the 
filtrate taken as that of pancreas peptone. 

viii. Albumose Peptone, — A small quantity of this will have been 
found in v. and vi., but the bulk is present in the solution in vi. 
Fifty c.c. of this are mixed with an equal volume of dilute sul- 
phuric acid (1 ; 3), and phosphotimgstic acid added in the cold so 
long as a precipitate forms. The precipitate is washed with dilute 
sulphuric acid and its nitrogen determined. This consists of 
nitrogen in the form of albumoses, pancreas peptones, and gelatin, 
of which the last two have already been determined. The differ- 
ence gives the nitrogen in the form of albumoses, and to this must 
be added the small amounts found in v. and vi. 

ix. Nitrogen in the Form of Flesh Bases insoluble in Alcohol, — 
This is obtained by taking the difference between the total nitrogen 
of vi. and that found in viii., after precipitation with phospho- 
tungstic acid. 

The analyses on p. 196 are given by Stutzer* to illustrate his 
method. 

The chief objection brought against this method is the inac- 
curacy of the phosphotungstic acid precipitation (cf, page 167), 
since undoubtedly in many cases it causes a considerable propor- 
tion of meat bases to be classed among the peptones. Moreover, it 

* Zeit, angew, Chem,, 1895, p. 157. 
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is doubtful from the experiments of Eonig and Bomer and of Allen 
whether peptones (or, in other words, hydroljsed proteids precipi- 
tated by bromine but not by saturation with ammonium or zinc 
sulphate) are ever present in more than traces in meat extracts 
properly so called. 



Althou^:h Schjeming assorts that he has found true peptones in 
considerable quantity in Ldebig's Extract by his method of precipi- 
tation with various metallic salts, he does not prove the identity 
of the substances which he has separated with those which give 
the biuret reaction and are precipitated by bromine after the re- 
moval of albumoses from the solution (c/. pp. 159 and 204). 

The recent analyses by Hehner given on p. 197 show the com- 
position of a number of well-known preparations. They were 
made by a method essentially the same as that of Stutzer. Each 





Liebig'8 
Extract 


Eeni- 
merich's 
Extract. 


BoTril 
Fluid 
Beet 


BoTril 

yiaid 

Beef. 

Seasoned. 


BoTril 

for 

Invalidfl. 


BoTril 

Beef 

Jelly. 


1 
Bovifl 

i 


Water, .... 
Sodium chloride, 
Other salts, 
Orgauic matter, 


17-72 

3-11 

19*63 

59*64 


16-54 

415 

17-96 

61-35 


29-14 

14-12 

3-38 

53-36 


44-42 

10-72 

7-60 

37-26 


28-18 

4-57 

11-60 

55*80 


89*15 
0-26 
1-04 
9*55 


1 

9-47 

1-6S 

6*71 

88-19 


Nitrogen was present as — 

a. Albumose peptone, 

b. Pancreas peptone, 

e. Flesli bases, etc. sol- 
uble in alcohol, 

d. Do. insoluble in alcohol, 

e. Albumin, . 

/*. Muiicular fibre, . 

g. Gelatin, 

h. Ammonium salts. 

Total nitrogen. 


0-56 
2-72 


1-24 
2-38 


1-23 
3-36 


0-34 
1-39 


1*26 
3*36 


0*16 
0-48 


2-06 
6*06 


3-28 

}4-05 
1-34 


3-62 

8-69 
1-25 


4-59 

1-06 
1-16 


1-73 

116 
0-89 


4-62 

1-78 
0-82 


0-64 

0*21 
0*20 


8'IS 

0*55 
1-16 


5-39 
0-12 

• • • 


4*94 
0-09 

• • • 


2-22 

0-31 
0-73 


2-05 

0-08 
0-90 


2-60 

0-24 
0-70 


0-41 

• •• 

• • • 


171 

0*4S 
0*57 


012 

0-04 
0-48 


09 

005 
0-46 


1-04 

0-09 
0-31 


0-98 

0-09 
0-27 


0-94 

0-15 
0-38 


• •• 

0*29 
012 


0*99 

0*70 
0-42 


0-52 


0-51 


0-40 


0-36 


0-68 


0-41 


1-12 


9-31 


9-16 


8-25 5-12 


8-69 


1-46 11*94 



COMPOSITION OF BXTEACTS OF MEAT. 
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of the nitrogenous constituents was calculated from the nitrogen 
as determined by Ejeldahl's method, the factor 6*25 being i^ed 
in every instance : — 

Kiinig and Bomer obtained the results given in the subjoined 
table in the course of their critical examination of Stutzer's and 
Kemmerich's methods (pp. 193 and 201). 

They assigned the nitrogen found as follows : — 



Total Nitrogen Found, 



Distribated as follows:— 

1. Soluble albumin, . 

2. Nitrogenous constitu- 

ents insoluble in 60 to 
64 per cent, alcohol, . 

3. Albumoses, 

4. Peptones, 

5. Flesh bases, . 

6. Ammonia, 

7. Other nitrogenous com- 

pounds, 



Liebig's Extract 



Kemmerich's 
Extract. 



9-28 



g. C 3 



trace 



0-21 
0-96 
Oto trace 
6-81 
0-47 

0S3 



■gt3 



trace 



2-26 

10-84 

Oto trace 

73-88 

6*06 



8-96 



0*14 



C> O 

A4 oc 



0-08 



0-83 
1-21 

6-97 
0*41 

1-14 



m 



0-87 



3-61 
13*24 


65-32 

4-49 

12-47 



Kemmerich's 
Peptone. 



10-08 



s 



9H 



Ai CO 



0-06 



1*36 
415 


807 
0-29 

0-25 



9. 






0-60 



18-49 
41*17 


39*88 

2*88 

2*49 



Cibil's Extract 



2-77 



h 



• 



l°S 



0-25 
0-70 


1-56 
0-09 

0*17 




ih 



9-ns 

25-27 


66-Sl 

8-25 

6*15 



As regards the chemical examination of meat extracts in general 
they remark — 

1. Precipitation with 80 i>er cent, alcohol does not differen- 

tiate the kinds of nitrogen. 

2. Albumoses should be determined by saturating their solu- 

tion with ammonium sulphate or zinc sulphate. 

3. The filtrate from the albumoses should be decolorised with 

animal charcoal and tested for peptones by the biuret 
reaction. 

4. Ammonia may be estimated by distilling the solution with 

ignited magnesia. 

5. When peptone has been proved to be absent, the nitrogen 

in the phosphotungstate precipitate, after deducting the 
nitrogen derived from gelatin, albumoses, and ammonia, 
may be ascril)ed to the flesh bases. The precipitate 
ehould stand at least one day. 

6. The difference between the total nitrogen and the nitrogen 

in the form of gelatin + albumoses + flesh Imses-f am- 
monia gives the amount of nitrogen contained in the 
compounds not precipi tilted by phosphotungstic acid. 
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Application of Formaldehyde to the Analysis of Commerdal 
Peptones, etc. — K Beckmann has examined a large number of 
peptones, commercial * peptones,' and meat extracts by his 
method described on p. 175, and finds that as a general rule 
the amount of insolube residue in meat extracts does not exceed 
3 per cent. 



Preparation. 


Insoluble For- 
malin Residue. 
Per Cent. 


Containing 

Proteid. 

Per Cent. 


Peptone e came (Merck), . 
Peptone puriss. (Grttbler), . 
Peptone nrom Albumin (Merck), 
Peptone sice, from blood fibrin (Merck), 


0-51 
trace 
1107 
20-50 


0-29 
trace 
3-60 
4-36 


Hydropeptone (Merck), 
Kemmench's Flesh Peptone, 
Denaeyer's Peptone, .... 
Boyril Lozenges peptonised, 


1-46 
14-15 
13-87 
46-49 


0-76 
1-92 
0-48 
5-96 


Liebig's Meat Extract, 
* Santa Maria ' Extract (Liebig), 
Eemmerich's Extract, 
Maggi's Meat Extract, 
CibiPs Extract (solid), 

(liquid), . 
Armour's Meat Extract, 
Bovril Fluid Beef, seasoned, 


0-47 
103 
0-84 
2-33 
1-10 
105 
2 09 
8-26 


0-26 
0-66 
0-26 
0-80 
0-20 
0-47 
1-29 
•• • 



Analyses by Alcohol Precipitation. — The fact that different 
proteids dissolve in different strengths of alcohol has been 
made the bases of several methods of examining meat extracts. 

In the earliest of these, all that was attempted was to effect an 
incomplete separation of proteids and gelatinous substances from 
the meat bases, which are rightly considered to be the most 
important constituents in meat extracts. 

0. Hehner* analysed a number of preparations by this method 
in 1885. Two grammes of the sample were dissolved in 25 
c.c. of water, and 50 o.c. of strong methylated spirit added to 
the solution. After standing overnight, the clear supernatant 
liquid was decanted from the precipitate, the latter dissolved 



• Analyst , x. p. 221. 
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(without washing) id hot water, the solution evaporated u 
weighed baein, and the residue dried at 100' C. and weighed. 

Some of the results thus obtained were ; — 





w.ler. 


TuUl 


Freclpl. 


Aih. 


fbcM. 

plioric 
Jlrtd. 


.VUwgM. 


LipbiYs Extract. 


1870 


81'30 


6-lfl 


23-38 


B-07 


7M 


NuUod'b GeUtiu, . 






93-16 


3-26 


nonn 


... 
















English, .... 


3fl'96 


e3'04 


27-40 


i'Se 


1-18 


8-a5 




81-00 


68-00 


ao-80 


4-13 


1-00 


8-M 


EDgliahl .... 


41 03 


68-or 


26-60 


4-92 


110 


7-62 


Russian 


24'66 


7644 


86-40 


8-72 


0-96 


9-89 


X, . . . . . 


S4'31 


45'e9 


82-30 


7-67 


211 


8-79 
















English. . ... 


SB-26 


10-76 


307 


117 


0-81 


I-M 


English .... 


89-fll 


10-39 


3-74 


1-00 


0-28 


I-8« 


English, .... 


»a-82 


7-88 


1-99 


1-80 


.•S8 


0-79 



The general conclnaions arrived at by Hehner from a considera- 
tion of these results were that the amount of ash should be 
considemble, and should contain 25 per cent, of phosphoric acid, 
uiid that the eubstaueea precipitated hy alcohol ehould not exceed 
25 per cent, of the total dry solids of meat essence, or 44 per ceot^ 
of those of beef tea. 

Kemnterich* made use of fractional precipitation with alcohol of 
different strengths in order to effect a separation of the nitrogen- 
fius constituents in meat ettraot, and by this means found the 
following quantity of proteids, in addition to flesh baaes, in South 
American meat extract. 

1. Gelatin, precipitated by 60 to 60 per cent, alcohol, 6'19 

2. Albumosea, precipitated by 80 per cent, alcohol, . 14'76 

3. Peptones, soluble in 80 per cent, alcohol. Pre- 

cipitated by sodium phoaphotmigslate, . . 12-31 



Kbnig and Bomer critically exambcd Kemmerich's work, but 
instead of weighing the precipitates as he had done, determiued 
the nitrogen tJicy cont^ned and calculated the proximate con- 

■ Ztit. jihjfiUl. Chfln., ]t84, iTiii. p. 409. 
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stituents from the result. In this way they obtained considerably 
lower results than Eemmerich. 



Gelatin (?) precipitated by 
50 to 60 per cent. aloohoL 

619 
1-83 



Albumoees precipitated by 



80 per cent, ucohol. 

1416 
4-50 



Kemmerich, . 
Kouig and Bomer, 

They found that the filtrate left after precipitation with 80 per cent, 
alcohol gave the biuret reaction, showing that proteids were still 
present, but considered it questionable whether these were peptones, 
for on saturating the solution with ammonium sulphate and 
testing the filtrate there was no biuret reaction, which should 
have been the case with peptones. 

The following comparative results given by the precipitation with 
80 per cent, alcohol, and by * salting out ' with ammonium sulphate, 
showed that albumoses were incompletely precipitated by the former 
process. 





Liebig's 
Extract. 
Percent 


Kemmerich's 

Extract. 

Per Cent 


Kemmerich's 
Peptone. 
Per Cent 


CibU's 

Extract 

Per Cent 


Total Nitrogen, . 


9-82 


8*94 


9*88 


2-77 


Nitrogen precipitated by 
80 per cent. Alcohol, . 

Corresponding to Albu- 
moses, 


0-69 
4*81 


106 
6-66 


4 05 
26 -SI 


0-61 
8-81 


Albumoses salted out 
with Ammonium Sul- 
phate, 


7-82 


9-71 


84*44 


5 97 



By precipitating the nitrogenous constituents with sodium phos- 
photungstate, and deducting the albumose nitrogen determined in 
the ammonium sulphate precipitate, a large residue was obtained, 
which has often been regarded as consisting exclusively of peptones. 





Liebig's 
Extract 
Percent 


Kemmerich's 

Extract 

Per Cent 


Kemmerich's 
Peptone. 
Per Cent 


Cibil's 
Extract 
Percent 


Nitrogen in Phospho- 
tungstate Precipitate, 
Albumose Nitrogen, 

Peptone (t) Nitrogen, . 


6-27 
1-17 


5-59 
1-56 


8-29 
6-51 


2-00 
0-96 


6-10 


4*04 


2-78 


1-04 



From the method of preparation it was obvious, in the case of 
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meat extracts at least, that so large an amount of peptones could 
not have been present, and that the meat bases, which, as is well 
known, are also precipitated by sodium phosphotungstate, must 
have accounted for a considerable proportion, if not all of the 
nitrogen assigned to the peptones. 

From these considerations Konig and Bomer arrived at the con- 
clusion that precipitation with 80 per cent, alcohol is of no value 
in determining the kind of nitrogen. 

They also expressed doubt as to the correctness of the amount 
of gelatin (precipitated by 50 to 60 per cent, alcohol) found by 
Kemmerich. They argued that since meat extracts are prepared 
at low temperature and only concentrated after filtration, the 
quantity of gelatin could only be excessively small, and in support 
of this view referred to the experiments * of E. Beckmann, who 
could only find 0*5 per cent, of albumin and gelatin in Liebig's 
Extract by precipitation with formaldehyde. 

A similar method of examining meat extracts has been de- 
scribed by J. Bruylantjt who precipitates the gelatin by 40 per 
cent, alcohol, albumoses by 80 per cent, alcohol, and peptones by 
alcohol of from 93 to 94 per cent. 

The results thus obtained with certain preparations were : — 



Water, 

8o«lium Chloride, 

other SalU 

Insoluble in Water (Meat Fibre), 
Organic Matter 



Total Nitrogen, 

Nitrogen in portion insoluble in 
water 



Liebig*t 
Extract 



16-76 
2-96 

18-24 



62-06 



9-80 



Solid 
BovriJ. 



19 20 

4-60 

16-20 

eoio 



8-85 



Nitrogen (Ammoniacal, from Uric 
Acid, dkc), 

Nitrogen, from Lead Precipitate 
(Nou-Prutcid Substances), . 

Nitrogen, Non-Proteid, from M per 
cent Alcohol, 

Nitrogen, soluble in strong Alcohol, 



Nitrogen from Gelatin, . 
„ „ Albumoses, 
„ ., Peptones, 

Total .Solu))ie Proteids, . 

Insoluble Albumin (Meat Fibre), 





0-60^ 
0«5 j.5-09 


0-16 
8-60; 


019) 
0-80 J- 8-93 
2-94) 
•24-56 


• • 



BoTril 

for 

Invalidi. 



2-36 
4-no 

17-06 

710 

64*60 



912 
1-09 



0-60> 

0-20 
8-29J 




4-48 



0-18 
S-40> 



0-26) 

0-95^ 878 
2-68) 
23-62 



0-12) 
0-76 J. 3-67 
2-70 ^ 
22-40 
6-81 



Fluid 
BovriL 



48-26 
9-76 
6-26 
8*19 

82-06 



4*86 
119 



-8o^ 

•27 L 




0*27 



j'2-67 
0-05 



1*06/ 



0*06) 
0-45V1-8S 
1-88) 
11-43 
7-43 



• Forschungs Ber., 1894, p. 423 ; c/. page 199. 
t Jourti. Pharm, Chim,, 1897, v. p. 615. 
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The criticisms of Kcinig and Bonier on Kemmerich's work are 
it) the mail) also applicable to Bruylant's method. At best the 
separation b Dot sharp, and variationB in the strength of slcobol 
would alter the proportioa of the oonetituente in each group. In 
some cases in which the decomposition of the albumin molecule lud 
been carried alightlj further, products of loner molecular wei^t 
and of greater solubility would be grouped with the peptonea, 
although by saturating their solution with zinc sulphat* or aai- 
LQonium sulphate they would be found among the albumoses. 

Although by alcoholic precipitation concordant results can be 
readily obt^iued, which will indicate more or less accurately the 
degree of hydrolysis which the original proteid molecule bus 
imdergone, the method is much less convenient and esact than 
separations effected by means of sine sulphate and bromine. 

Older Analyset of Flesh Peptones. — Kdnig* gives the foregoing 
anatyBes (see p. 203) of preparations of this cIms. As the pmy 
peptones (albumoses) were estimated by precipitation with ferric 
acetate, and the peptones by precipitation with phospbotungstii: 
acid, the uitrogenous constituents returned as peptones prolnbly 
contained a large proportion of albumoses as weU as of meat bases. 

By precipitating the albumoses by eatumtion with ammonium 
sulphate Kcinig obtained the following amount of albumoses and 
peptones from Cibil's and Antweiler's peptones. 





AlbmnoieB. 


Peptonet 


Cibil-.a, 


18-71 
8-51 
*1H 


28-29 
B-62 
27-10 



Scbjemiiig'a Uetliod. — The precipitation of the proteid sub- 
stances in meat extracts, etc., in the form of distinct metoiliu com- 
pounds, is carried out aa described on page 171. 

In a recent communication to the author, Schjeming states that 
he includes the peptones under the term of ' protein subslaueee,' 
and that he defines them as ' proteids not precipitated from a ueutnl 
or acetic acid solution on moderately wanning the liquid after 
saturation with a readily soluble sulphate.' For the saturation he 
prefers magnesium sulphate, finding that it precipitates the sAma 
quantity of proteid nitmeen as zinc or ammonium sulphatca. 
Scbjeming's peptone therefore agrees with Kiihue'a definition of a 
true peptone (but ef. page 196). 

• A'aJir. M. Geautam., IL p. 198. 
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' Denuclein,' he asserts, is not a proto-albumose, since all albu- 
moses are precipitated from an acetic acid solution by saturation 
at 30** to 36" C. with a readily soluble sulphate, whilst denuclgin is 
not thus precipitated. It is rather, as its name denotes, a lower 
nuclein compound, and possibly a nucleic acid substance. 

In support of Schjerning's position it may be pointed out 
that in the table of Konig and Bdmer's results (page 198), about 
9 per cent, of the total nitrogen in Liebig's Extract is not classi- 
fied under the head of albumin, albumoses, peptones, flesh bases, or 
ammonia, but belongs to other nitrogenous compounds. 

Some of Schjerning's results are shown in the subjoined 
tables : — 

I. 



Precipitation 
with 


Liebig's Flesh 
Peptone. 


Witte's Peptone. 


Liebig's 

Extract. 

1896. 


Liebig's* 

Extract. 

1899. 


a. SnCl, 
PbAc, . 

b. HgCl, . 
e. FeAc, 

rf. UAc, 
e. MgSo« 


180 

t 
24-8 
57-2 
55-3 
48-1 


13-5 
t 

24-6 
66-6 
56-9 
48-1 


3-0 

t 
84 
69-4 
65*9 
47-2 


3-0 
34-0 

• • • 

65-1 
47 2 


10-7 
192 

• • • 

25-3 
36-7 
151 


6-6 

• • • 

14-8 
24-7 
82-3 
16-1 


Allowable Error 
Per Cent. 


0-6 


0-8 


0-8 


0-5 



II. 





Liebig's Flesh 
Peptone. 


Witte's Peptone. 


Liebig's 

Extract. 

1896. 


Liebig's 

Extract. 

1899. 


Albamin L, 
Albamin II., 
Denuclein, . 
Albnmoses, . 
Peptones, . 


130 

3-4 

8*4 

32-4 

-1-9 


13-5 
2-6 
8-6 

82-1 
-1-6 


3 

18-8 

12-2 

26-4 

-8-5 


80 

sro 

211 


10-7 

-1-7 

10-2 


6-5 

-0-3 

9*6 

?:J}l7-6 



It is remarkable that the combined amount of the nitrogen from 
the albumoses and 'peptones' should be identical in the two samples. 

* Unpublished. f The precipitation could not be made. 
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The residual nitrogen representing the flesh bases, amido-com- 
pounds, ammonium salts, etc., was osculated to be 63*3 per cent 
in 1896 and 67*7 per cent, in 1899. It is suggestive that Eonig 
and Bomer assigned about 10 per cent, more nitrogen to the flesh- 
bases and found no peptone nitrogen, whilst Schjeming obtained 
about 10 per cent, of the latter (p. 198). 

Although in certain cases Schjeming's process may eventually 
be found a satisfactory method of fractionating the proteid 
nitrogen in different organic substances, it suffers at present 
from the drawback of being new and of yielding results which 
are difficult to compare with those of older methods. 

Probably the metallic compounds obtained by it are of a more 
definite character than those which, like the compounds yielded 
by saturating the solution with salts, are only separated from one 
another by a difference in solubility. 

If this be the case, and if the physiological characteristics of the 
various proteids precipitated in combination with the metals be 
determined, a distinct advance will have been made in estimating 
the comparative value of different meat extracts and similar 
preparations. 



CHAPTER X. 

THE COOKING OF FLESH. 

Advantages of Cooking. — The process of cooking has three 
main advaDtages: — (1) It renders the flesh more appetising by 
the development of certain odours and flavours under the action 
of the heat; (2) it destroys animal parasites, and to a certain 
extent bacteria and bacterial products ; and (3) the flesh is eaten 
at a temperature more favourable to the action of the gastric juice. 
On the other hand, the digestibility of cooked meat is consider- 
ably less than that of raw meat, as was shown by Chittenden and 
Cummins,* who found that if the digestibility of cooked beef in 
artificial pepsin solution be taken as 100, that of raw beef may be 
represented by 142*38. The longer the cooking has been continued, 
the greater is the decrease in digestibility. 

The national economy of invariably eating flesh in a cooked 
condition is shown by the fact that Berlin employs over 200 
trichinsB inspectors, and Prussia more than 24,000, as a safe- 
guard against one of the dangers of raw flesh, t whereas in other 
countries, such as Italy, France, and England, where pork is, as a 
rule, only eaten in the cooked state, no special inspectors are em- 
ployed, and yet trichinosis is of comparatively rare occurrence. In 
Germany the public is now warned against eating raw meat, even 
after it has been inspected and passed. 

The Loss during Cooking. — This depends to a large extent on 
the method of cooking. According to Letheby,J the average 
percentage loss in weight on boiling is 23 ; in baking, 31 ; and in 
roasting, 34. If the meat is placed in cold water which is 
gradually heated to the boiling-point, the loss is considerably 
higher, owing to the large proportion of soluble proteids, nitro- 
genous extractives, and mineral matter, which dissolves before the 
temperature (50* to 70* C.) is reached, at which the albumin begins 
to coagulate and to form a protective crust on the surface. Under 
these circumstances the loss may amount to from 30 to 40 per 

* Joum. Amer, Ckem. Soc., vi. p. 818 ; qf, page 86. 

t Der Fl$ischbe3chau, p. 647« X On Food, p. 166. 
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cent. (Strohraor). Fart of the loas during boiling ia due to some 
of the collogene being couverted iuto gelatine and diseolring in 
the water. 

In roasting and baking the conatitiients of the fleah are retained 
much more conii)letely than in boiling, and although the loes is 
apparently greater, it is almost entirely due to watur. The figures 
given by Strohmer* as representative of the average Ioob In 
different kinds of fiesh on roasting are considerably loner than 
those of Letbeby — viz., Beef, 19 per cent, ; veal, 22 per cent; 
mutton and poultry, 34 per cent. 

The CompOBition of Cooked Meat. — Soastinff.^Wben meat is 
roasted there is a considerable loss in weight, amounting hum 2-5 to 
35 per cent, calculated on the original substance. This is mainly 
due to the evaporation of water and to loss of the substance of the 
meat in the form of dripping and gravy. 

By maint4Uning a high temperature during the initial stages of 
the process, the juice which first escapes from the meat becomes 
coagulated on the aurfaoe and furniahes a thin glaae, which pre- 
vents any further considemblo loss of meal juice. 

Some idea of the difference in composition of raw aod roasted 
meat may be obtained from the following analyses. As they 
represent cuts from different joints, they are not, Ikowevcr, striotly 
comparable : — 





W«t«t. 


Nitro- 
genoUB 


Fst. 


Ash. 


B»ef, r«w, 

., routed 

MutiM, Mw(Konie),. . 
„ n>ut«d (Uitchell), 


71-68 
60-82 
78-8B 


20-62 
26 'OS 

17-n 

8184 


6-72 1-21 
21-66 l-*6 

6-77 1-B3 
ai-37 1 1-M 



The characteristic aromas of roast moat are due to the partial 
carbonisation of the meut fibre with the formation of odoroui 
compounds. 

Boiling. — The change which meat undergoes during boiling 
difters very much from that which takes place in roasting. Tha 
loss in water is much less, but the action of the boiling water on 
the collagcne of the connective tissue causes a large lunonnt of 
gelatin to !« dissolved. The meat also loses much of its citractivea 
and taioeral matter, which will be found in the broth, Tliis Iobs 
can be obviuted to some extent by first placing the meat in boiling 
* JH* Snuihrung de$ Maitehtn, p. 123. 
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water, eio ae to coagulate the myosiQ of the muscular tissue, and 
thus prevent the loss of much of these constituents during the 
subsequent gentle boiling or simmering, When gravy or soup are 
required the oppoaite process ia followed, the meat being placed in 
water of a low temperature, which is gradually heated, though not 
to the boiling-point. 

According to Pereira,* the average loss in weight in the joints 
of beef and mutton boiled for the inmates of the Wapping ware- 
house was 17-5 per cent., but in Letheby's opinioa tWe was con- 
siderably lower than the general average. 

0. W. Andrews states that the total loss on cooking should not 
exceed one-fifth to one-fourth for boiled meat and about one-third 
for roast meat. 

Grilling and Frying. — Grilled meat resembles roast meat in 
many respects, but owing to the more thorough and direct action 
of the heat, there is a greater loss of water and of dripping, and a 
more complete carbonisation of the exterior meat fibre. 

In hying, which may be regarded aa boiling in fut, the presence 
of the latter modifies the direct action of the fire, 

A. H. Church t gives the following analyses of law and of cooked 
mutton chops : — 

Fresh mutton chop, minus bone — Water, 44-1 ; albumin, VT ; 
fibrin (true muscle), G'd; ossein-like substances, 12; fat, 42 0; 
organic extractives, 1 '8 ; mineral matter, 1 -0 ; and other substances, 
2*3 per cent. 



COMPOSITION OF TWO COOKED MUTTON CHOPS. 





W.t«r. 


Nitro- 


Fit 


Uioaral 

Matter. 


Othat 
SabBbmeea. 


L Chop, iDdudiDg 
gravy and drip- 

11. ^cfcp,' without 
gravy and drip- 
ping, . 


M-0 


27-6 

ss-o 


16-4 
»-4 


S-0 
1-2 


1-2 



"Meat is tonder if properly cooked he/are the rigiyr mortis has 
set in, but must be kept for some days c^fter that rigidity of the 
moBcles has set in," if the same degree of tenderness be required. ^ 

* Ltthebj, Oh Am! t Food : Somt Aeeoavt tfiU Smtrett, p. IBS. 

X Cbnioli, loc clt., p. IBS. 
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to the Chemical Society * Mias K. Williama gave the following^^l 
results (among others) of her analyses of different kinds of boilod'^H 
IJsh as they would be served at table. The salt cod and herriii^^l 
were soaked in cold water before cooking, and the sardines welt^H 
washed in boiling and cold water to remove as much surfoce oil^^| 
ss possible. When cold the inedible portions (bones, head, tikin,^^| 
etc.) were removed, weighed, cnished in a mortar, boiled in dis-^l 
illed water, the liquid sijiboned off and evaporated on a watei^^H 
wth. The residue was dried until constant in weight and taken m ^H 
^atin. H 




N.m« of Fish. 


Date. 


Portion 
Analywd. 


As served at Table. ^M 


Wart*^ 
Bones, 
etc. 


Gelatin. 


Water. 


NaM- 
antu 


HerTine>i 
SaltherringB. 
Sardines, . 
SpraU, . . 
Salmon, 
Erfe, . . 

Msckersl, . 
Cod, . . 

Saltood, 
Haddock, . 
Turbot, . . 

Plaice. . . 
Solea. . . 
Oysiera, 


Feb. 

J»B. 

March 
Not. 
July 
Oct. 

April 

Feb! 
Jan. 
Feb. 

Dm, 
March 


Whole 
Fl«h 

Whole 

Se^ion 
Heads le- 

Whole 
Section 

Whole 

Anterior and 

head 

Flesh 

Whole 
Shell content* 


11 7i 

i'Sl 

17'90 
C-BO 

11 -se 

lO'Sl 

16 -se 

8-13 

SB -10 
31 -20 

22^2 


0-93 

o'-i'o 

0'&3 
108 

0-2.S 
043 

o-as 

O-BO 
O-GS 

074 


460S 

*2-]7 
6 1 -BO 
610(1 
bS"^ 

fl5-3I 
6378 
67 -88 
4846 
G3'0e 

79 'Se 
et-is 
77':i 


MM 
63 »7 
E2-»i 
1970 
32 03 
83 ■« 

34-03 
1979 
2BM 
17M 
lC-12 

20'I1 
1«M 
23-39 


L 


A further analysis of the same specimens of fish gave tl>^^| 
dditional roaults given on page 211. ^H 

The amount of reducing substances was obtained by removins^H 
Llie fat with benzene, aad digesting the residue with 100 o.c. <4^| 
water and 10 c.c of hydrochloric acid (sp. gr. 1125) on the boiling^l 
nater-bath under a reflux condenser for three hours. The liquiQ^H 
Km then filtered, basic lead acetate added, and a cnrreot o(^H 
iilphur dioxide passed througli the filtrate. The solution wm^| 
gain flltered, concentrated, and washed alumina added until i^^| 
* Joun. Cktm. Soc, Ig97. p. 6S2. ^M 
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no longer dissolved. After filtration the liquid was evaporated to 
dryness at 100° C, the residue treated with boiling alcohol, the 
liquid filtered, and the alcohol removed by evaporation. The 
residue was dissolved in water, the liquid boiled with animal 
charcoal and a few drops milk of lime, filtered, and titrated with 
Fehling's solution. 

With reference to the results thus obtained, H. A. Allen points 





Water 

in 
Flesh. 




Analy 


sis of the Dried Substances. 




Name of 
Fish. 


Ash. 


Fat 
(ether 
extract). 


Proteids 
(N X 6-25). 


Reducing 

Sub- 
stances as 
Glucose. 


Phos- 
phorus. 


Nitrogen 
pent 
oxide. 


Herrings, 


60-54 


6-66 


25-25 


67 07 


■ • • 


91 


0*66 


Salt her- 
















rings,. 


4608 


19-69 


21-90 


88-88 


17-59 


0-89 


1-64 


Sardines, 


44-85 


12-03 


83-49 


55-44 


• • • 


0-97 


• • • 


Sprats, . 


75-77 


6-42 


27-87 


57-94 


9-88 


1-17 


• ■ • 


Salmon, . 


65-32 


4-94 


29*48 


56-65 


14*89 


0-61 


0-46 


FiOls, 
Mackerel, 


6108 


2-11 


44-68 


42-88 


8-91 


0*42 


• • • 


73-18 


4 07 


25-78 


62-82 


13-98 


0*85 


0-38 


Ckxi, 


76-82 


3-81 


1-15 


91-65 


6-67 


0-62 


0-63 


Salt cod, 


72-86 


14-26 


0-94 


76-06 


714 


29 


0-31 


Haddock, 


72-37 


8-28 


1-29 


79-57 


1815 


0*53 


043 


Turbot, . 


77-84 


2-41 


4-75 


84-71 


11-81 


0-57 


• • • 


Plaice, . 


76-86 


4 06 


9-84 


7516 


11-66 


0-71 


2-78 


Soles, 


79-20 


8-47 


1-71 


86-71 


11-87 


0*62 


• • • 


Oysters, 


77-71 


1216 


7-77 


65-42 


18*32 


0*49 


• • • 



out that the reducing substances were probably not present as 
such, but were products of the hydrolysis of gluco-proteids by the 
hydrochloric acid. 

He also calls attention to the fact that these analyses do not 
confirm the popular belief that the amount of phosphorus in fish 
is very much greater than that of meat. 

The Effect of Cooldiig on Animal Parasites. — The experiments 
of Perroncito (pages 248 and 261) and others have shown that the 
cysticerci and other larvee of the tapeworms perish below 50** C, 
trichinsB below 69"* C, and that no animal parasite found in flesh is 
capable of withstanding as high a temperature as 70° C. If, then, 
this temperature is reached in every part of the meat during the 
cooking, all risk from this source is obviated. 

The Temperatures at which Bacteria Perish. — Bacteria are 
much more resistant to the action of heat, especially of dry heat, 
than are the animal parasites found in flesh. Generally speakings 
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bacteria perish at a lower temperature Mum 
n-pathogonic bticteria. Sternberg * eipMed pure coltin- 
tious of varioits micro- organiania for ten minutes at difl«nnit 
leuipenitures and obtained the following thermal death pointo- 



•c. 



•c 

StaphflococcuH pyogenn 
albiia, . . , .63 

Staphylococcus pf oge&ea 
citreua, . . .63 

Streptocoocus pyogenes 

aureus, . .64 



Bacillus o[ Swine Erjeipelos, ' 
Bucillutj pyocyaneua, . 
BucilltiB prcxIigioBUs, . 
Bacillus fluortiitceiiK, . 
Bacillus aoidi hiotici, - 
Staphylococcus pyogeat 
aureuB, 

The following results bare been obtained by other ohaumn 
at ditfereal times : — 
B. of String Erynpcltu. — Killed in 5 minutes at 55* C. in pni* 

cultivatioua, but not destroyed in meat by ordiuaiy cooking 

(Petri). 
B. of Hog CluieTa. — 15 minutes at 70* C. One hour at M* C 

(Smith). 
B. of Rabbit Sepliaemia. — 15 minutes at 55* C, i 10 minutes at 

80* C, (Ostertag). 
S. anthra'.-in. — 10 minut«s at 54* C, or SO minutes at 60* C 

(Chauveau). 10 to 15 minutes at 55* to 60* C. (Besson). Tin 

spores failed to grow after 4 minutes at 100' C. (Sternberg). 

Spores destroyed by moist heat ut 90* to 95° C, hut capable 

of withstanding a much higher dry temperature (Beasou). 
B. of Quarter £w7.— Virulent after au hour ut 80° C. KOled 

after 6 minutes at 100* C. The spores only weakened in « 

current of steam (Ostertag). 
B. of G/an(?eM.— Killed at 55* C. (Liiffler) ; 55° to 60° C. (Beason), 
B. lubireuloKVi. — Perishes at 85' in pure cultivations (Bang), 

Can withstand 65' C„ but pcriahes at 76' C. (Verain). In 

milk, 4 houn at 65* C. ; 1 hour at 60° C. ; 15 niiuut«s at 

65* C. ; 5 minutes at 80° C. ; 1 minute at 95* C. (Fonttw). 

In tlie dry state reeista 100° C, for 3 hours, and 70* C, for 7 

hours (Welch). 
B. tetani. — Killed after 6 hours at 80' C. ; 2 hours at 90' C. ; 

and 8 minutes at 100* C. (Besson). The aporw are extnaaeij 

resistant to Lent 
Str^toeoceiM /<yogene» owretM.— One liour at 68' C, and ft 

moments at 100* C. (Beseon). 

• Batieriolo^, p. It"}, 
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Staphylococcus pyogenes aureus, 
„ „ dibus, 

citretts. 



» >i 



Dead after 24 hours at SS"" C, 
or 15 minutes at 80" C. (Besson). 

Bacillus coli communis. — 5 minutes at 66* C. (Besson). 
Bacillus typhosus. — From 10 to 20 minutes at 66' C. in pure 
cultivations (Besson). 

Action of Heat on Bacterial Toxines. — The excretory products 
of pathogenic bacteria consist as a rule of several active principles. 
They sometimes contain ptomaines apparently identical with those 
formed by purely putrefactive bacteria, sometimes definite bases 
only known to be formed by specific bacteria, together with 
various broken-down products of albuminous substances (toxal- 
bumoses, peptones, etc.). In some cases definite toxic products 
have been isolated from pure cultivations (c/. page 220), but as a 
rule the experiments as to the influence of heat have been made 
with the bouillon filtered free from bacteria and containing mixed 
toxic and harmless products. 

The following are some of the results which have been obtained : — 

Toxic Products of Staphylococcus pyogefnes aureus. — The activity of 
the whole toxine is weakened at 58' C. There are two active 
principles in the cultivations, one precipitated by alcohol and 
destroyed at 104* C, the other not precipitated by alcohol 
and unweakened at 104* C. (Besson). 

Toxines of Tuberculosis and Glanders. — One or more of the active 
toxic principles in the products of B. tuberculosis and B. mallei 
are not destroyed at 100* C, as is shown by the method of 
preparing crude tuberculin and crude mallein. 

Toxine of Rinderpest. — Destroyed after 10 minutes at 55' C. 
(Semmer and Raupach). 

Toxine of Sheep pox. — 10 minutes at 55* C. (Semmer and Raupach). 

Virvs of Rabies. — 10 minutes at 60* C. (Sternberg). 

Toxine of Anthrax. — Weakened but not destroyed at 100' C. 

Toxine of Tetanus. — Altered by heating at 65* C. for 5 minutes, 
and toxicity completely destroyed at 80* C. (Kitasato). 

The products of several of the bacteria of septiceemia have been 
shown to be toxic after boiling, and the same remark applies to 
many of the putrefactive poisons. Hence cooking, even if a 
temperature of 100* C. were reached in every part of the meat, 
cannot be regarded as a universal safeguard against bacterial 
poisons. 

Lehmann regards flesh infected with the following diseases as 
dangerous only in the raw or unperfectly cooked condition : — 
Cysticerci, trichinae, tuberculosis, glanders, actinomycosis and foot- 
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and-moutb disease. Qe cousiders floali infpcted with Spleiui; 
(ever, malignant cedemo, septioteiuia, iwd cliickon cbolcra aa 
dangerous whether raw or cooked. 

The Temperatures reached in the Ordinaiy Process of 
Cooking. — Some of the experiments wliich lave been made with 
the object of determining tliis point are given on puge 262, w 
it is shown that cooking, if thoroiigLly carried out, destroy* 
IricUinic. 

In fnrthor illuKtration of the fact tliat heat piJnetrat«8 but 
alowly into the interior of flesh, the experiments of other obserYers* 
may be described. Rupprecht found that in the ordinary boiling of 
meat for j hour, as in Saiony, the interior tempemturt; wna at 
most 75' C. at the end of the time, and that, too, only nUeu tlii 
meat was in thin etripa. In blood sausiige the tcmpcrutuit 
reached in the same time waa 66* C- ; in tongue nausage 62-5* ; ii 
ham 65° ; and in boiled pork 65'. The interior temperature of i 
rapidly-roasted sausage was only 28'7* C. 

Leuckart found that in grilled cutlets and sausages tlia 
highest temperature was 62-5° C., and that of roast pork To' C. 

Wolffhiigel and Hucppe state that the temperature in 
middle of large pieces of meat never reaches 100 C, and in their 
experiments this temperature was only once attained in the 
exterior part«. 

From these experiments it follows that many of the bacteria, 
if present in the interior of flesh, would probably survive iho 
ordinary processes of cooking. In any case their spores would 
almost certainly retain their vitality. Fortunately the occurrence 
of the spores of such bacteria as those of anthrax or tetanus 
meat is very exceptional. 

Changes in the Juices of Meat on Cooking. — According to 
Strohmer an approximate idea of ttie highest temperature reached 
within the interior of the flesh may he formed from the appear- 
ance of the juice pressed from the cooked meat. He states that 
if this is a turl)id liquid the temperature did not eiceed 56* C 
If it is clear red the temperature was probably between 50* 
60' C, but not exceeding 60° C, Between 70* and 72" C. the colour 
of the juice changes to brownish red, and between 75* and 80' C, to 
yellow. 

The Public Sterilisation of Infected Fleeh in Gemiat^. — 
Flesh containing only a few cysticerci, or iufected with certain 
diocases, such as svrino plague, swine erysipelas, etc., is allowed to 
ho sold in Germany niter having been thoroughly di^nfectod b^ 
cooking, under police supervision. For the sale of such meat, nnt 
of flesh which has been passed as of inferior quality, though not 
' OiI«rbig, Handiuxh der Flcixhbttcha-a, p. 5lS. 
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dangerous to health, iustitutions, known as Freibdnke, have 
been estabh'shed in connection with the local meat inspection in 
many of the towns, especially in the South of Germany. Such 
meat stamped by the Freihank is sold at a very cheap rate, and 
is largely used by the poorer classes. 

The cooking is so arranged that the meat is thoroughly heated 
throughout. The flesh is divided into thin strips, which are boiled 
for two or three hours, or until the interior becomes grey. In this 
process, as ordinarily carried out, there is a considerable loss in 
nutritive value, and in order to obviate this, sterilisation by means 
of steam under pressure has been introduced in many places. In 
Rohrbeck's steam steriliser, constructed on this principle, every 
part of the meat is brought to a temperature of at least 100'' C, 
while the meat juices and the flavour are retained to a much 
greater extent than is otherwise possible. 
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CHAPTER SI. 

POISONOUS FLESH. 

Flbsh may sometimes be rendered injurious by cuataminalioa 
witL some dmg suoh as chloride of lime, phenol, etc., but, apart 
from such cases, it may have inherent toxic properties, which may 
be derived — (1) from some injurious substance eaten by the 
animal ; (2) from poisonous products secreted by the cells of the 
living animal ; (3) from pathogenic bacteria or bacterial pro- 
dwcta in the living animal ; or (4) from poel-nwrtetn alteration of 
the flesh by bacteria. 

Flesh tendered Foisonoiis by the Food of the Animfti — 
Numerous instances are on record Bhowing that flesh which ii 
ordinarily wholesome may become more or less injurious from the 
food which the animal has eat«n shortly before being killed. 
According to Letheby,* the flesh of bares which have fed upon 
the Wuhlodendron Chrymnthemum has caused illness, and aimilarly 
in Pennsylvania and Philadelphia, pheasants which have eat«n the 
buds of the laurel (Calmia latifolia) are unwholesome. In fact, 
Letheby attributes many of the illnesses which have occurred 
after eating prairie birds imparted into this country from America 
to the nature of the food eaten by the bird. Sometimes in Aus- 
tralia the flesh of sheep acquires poisonous properties from the 
animaU having fed upon the lotxis, wild melon, and wild cucum- 
ber, the general ctTects being pfuns in tbo limbs, prostration, and 
uckness. The animals themselves ore occasionally, but not in- 
variably, poisoned by their food. 

Possibly some of the cases of shell-fish poisoning which happen 
from time to time are to be attributed to this cause. And it Is 
interesting to note in this oonnection that the Matftta Vffnenoia, 
a poisonous tropical fish, ts enid to be venomous only at the times 
when the sea is covorud with a green monad on which it feeds 
(Letheby). In 1843 a whole family in Toulouse were poisoned 
by eating a dlah of snails collected from a poisonous shrub, Coriaria 
myrti/olia. Gueuther t states tliat the poisonous nature of th« 
* On Feodi, p. 331. f JAe Sladif o/Fu/ut, p. ISS. 
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flesh of most^ if not all, of the poisonous fish of the tropics is derived 
from their food, which consists of medusa, corals, or decomposing 
substances. 

Poisons, — Of inorganic poisonous substances taken by the animal, 
phosphorus is the only one known to produce more than local effects. 
In phosphorus poisoning the genersd symptoms are extravasation 
of blood, alteration of the tbsues, and fatty degeneration. The 
blood is altered in appearance, and the flesh becomes phosphor- 
escent in the dark.* Wally considers that, with the exception of 
phosphorus, "inorganic poisons are never absorbed in sufficient 
quantity to render the flesh of the animal nocuous." 

The diflerent instances mentioned above of flesh made poisonous 
by the food of the animal show that certain organic poisons, 
apparently of an alkaloidal or glucosidal nature, can produce 
general symptoms, and this is probably the case with many other 
organic poisons. 

Flesh Foisonous from Froducts elaborated by the Cells of 
the Living Animal. — Formation of Leucomaines and Toxines. — 
In 1882 Crautier showed that just as toxic products (ptomaines 
and toxines) are secreted by certain bacteria, so by a sort of 
enzymic action in the living cells the proteids or other nitro- 
genous compounds are normally broken down into less complex 
bodies, being finally transformed into urea, amides, hydrocarbons, 
carbon dioxide, bases, etc. To the basic substances, which are 
closely allied to ptomaines in many of their reactions and properties, 
he gave the name of leucomaines^^ or physiological alkaloids. The 
process of their formation is primarily a direct hydration, and 
is regarded by Gautier as an anaerobic fermentation. Most of the 
leucomaines thus formed are harmless, or only slightly poisonous, 
but some are extremely toxic, such as neurine and choline. 

Under certain circumstances leucomaines, or other decomposition 
products of proteids, may be of such a nature, or produced in such 
quantity and insufficiently eliminated from the system, as to cause 
auto-infection. An interesting illustration of this is aflbrded by 
the experiments of Professor Mosso of Turin, { who found that the 
illness caused by over-fatigue is due to the absorption of certain 
substances into the blood, and that these substances when injected 
into healthy animals produce the same symptoms. 

The presence of leucomaines in excess, or of toxines derived 
from the proteids, is probably the cause of the illness sometimes 
produced by eating the flesh of over-hunted game or of over- 
driven cattle. Liebig, in his Letters on Chemistry, mentions a 
case in which the flesh of a roebuck, which had struggled violently 

* Andrews, Handbook of Public Health, p. 20. 

t Acvic»f(a= white of ei(g. % Lancet, 1887, p. 1295. 
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after baviog been caugbt iu a Bnare, gave rise to Bjmptoms of 
p(iisoning. Accordiog to Gautier,* pigs have been fatally poisoned 
through being fed upon the fleeh of a horae which had died during 
its struggles when being broken in, and, like Liebig, he has known 
of cases of human poisoning bj the ficsh of roebucks which had 
died in a slate of terror or exhaustioa 

Qautiert has also confirmed Landi's Btatemeat that when 
muscle, the cells of which are still living, is taken from an anima] 
and protected from the tnfiuence of putrefactive bacteria, the action 
of the cellular protopbism continues, and by a sort of anaerobic 
decomposition causes an increase in the eitractires and toxic baan 
of meat, especially of those belonging to krcatiuic and neurinii! 
groups. Simultaneously there is a diminution in the proteids, and 
the glycogen disappears, but the fat ia not appreciably affected. 

Roger { considers that the toxicity of the extract of normal 
musclo ia to be attributed to toiines of a proteid nature i&ther 
than to bade bodies, which are only moderately poisonous. By 
removing the cryatallisable substances by dialysis, be obtained ft 
residue of an albiuninous nature, which on injection into rabbita 
produced symptoms of exiiaustion, somnolence, diarrbcea, and 
death without, or attended only by slight, convulsions. The fact 
that the extract after being healed to 100° C. did not cause these 
results was regarded as proof that the leucomaioes are not the 
poisonous substances. 

Leocomaines which are also known as Ptomaines. — Among 
the basic substances which have been found both in the products 
of baoteriHl putrefaction and anioug the substances eJaborutcd by 
living cells, probably by the decomposition of lecithins, the 
following may be mentioned : — 

Choiiite [CjHjsNO,], which occurs normally in the blood, mua- 
cular tissue, ana glands of the ox and other animals. It 
resembles neunne in its toxic aetion, but is weaker. 
Neurine [CjH,jNOj], which usually accompanies choline in 
traces, and is found io the brain and nerves. It is very 
toxic, and is regarded by Gautier as the probable cause of the 
roe of certain fish becoming poisonous at the spawning seaaan. 
BHaine [CjlIj,NO,], which is normally present in many 

animals, notably the mussel 
TriTneHiylamint [(CH,)aN], which occurs in blood. 
Jl'«irt'(iine [CjHjjNj], found in the yelk of egg and in fresh 

Cadavetiw {C*HyNJ, isolnted in traces from fresh pancreax. 
Oerontine [C^HnS J, found in the liver of an old dog. 
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Poisonous Fish. — The following table of fish, certain species of 
which are known to be poisonous, either invariably or at certain 
seasons of the year, or after eating certain food, is given by 
O. W. Andrews * : — 

Acanthopterygii ar Spiny-rayed fishes^ including Sparidx (sea- 
breams); Sguamipinnes (coral fishes); Sphyrxnidx (bar- 
racudas) ; Scombridsd (mackerel) ; Garanyida (horse-mac- 
kerel) ; Acronurida (sturgeons), and Atherinidm, 
Pharyngognathi^ including Lahndm (wrasses). 
Physogtomi, including SUuridx (cat-fish) ; Clupeidx (her- 
rings). 
PleciognatJUf including Sclerodermic e,g,y Bolides and Osira- 
don ; Gymnodontes (Diodon^ Triodon, and Tetrodon). 
Of the bream family (Sparida) the Spanish bream {Pagdus 
erythrinus) is met with off the shores of New Caledonia and New 
Hebrides. Its poisonous properties are possibly due to the nature 
of its food. The Lethrinvs mambo is another member of the same 
family, and is found in the same waters. Its flesh is said to be 
innocuous when yoimg, but to be very poisonous when full grown. 
Among the coral-fish the Heniochus macroleptidotus is distin- 
guished for the brilliance of its colouriDg and its poisonous 
properties. It is found in the neighbourhood of coral-reefs and is 
carnivorous. 

The barracudas {Sphyrsma barracuda) are found in the West 
Indies, and are usually poisonous. They are large fiish, often 
8 feet long and 40 lbs. in weight. 

The Caranx faXlax^ which is a member of the horse-mackerel 
family, is said to be wholesome when young, but poisonous when 
full grown. It is met with in Australian waters. 

Different varieties of wrasse are known as parrot-fish from their 
brilliant colour, and appear to be poisonous from the nature of 
their food. 

The cat-fish (SUuridx) are usually found in fresh water, and 
only those varieties which enter the sea are regarded as poisonous. 
Their skins are smooth and without scales. 

According to Guentherf the flesh of certain members of the 
herring family, such as Clupea thi'yssa and Clupea venenoBa^ is 
always poisonous. Clupea thryssa (the yellow-billed sprat) is 
exceedingly poisonous, and has been known to cause death before 
being actually swallowed. 

Tetrodon and Diodon^ known as ' globe-fishes,' are covered with 
spines, and have the power of distending their bodies with air 
into a globular form, and floating on the surface of the water 

* Handbook of PuUic HedUhy 1898, p. 51. 
t The Study qf FUha. 
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with the underside uppermost and spines protruding. Guentbe* 
alates that some of the species are always poisonouB. 

Balisteg, or ' file-finhes,' are so called from the Gle-like edge of 
the dorsal fin. They feed on coral and molliisca, from which ihej 
probably derive tbeir poisonous properties. 

The Ostracion, or ' trunk-fiah,' is protected by a covering of 
bone-like plates. Like the preceding (tsh, it is found off the 
American coast and in Indian waters, and is universally regarded 
as poisonous. 

Many of the smaller varieties of these poisonous fish are eaten 
by larger fiah, such as different species of dolphin, conger-eel, etc., 
and cause the flesh of these to be also poisonous for some Ume 
afterwards. In some fish a poisonous substance appcaj^ to be 
secreted only at certain times of the year, as, for instance, in the 
case of the pike and the tnrbot, whose roe produces violent 
diarrhcea when eaten during the breeding season.* 

According to Letheby the general symptoms caused by eating 
poisonous fish such m these, are either irritation of the stamnch 
and intestines, with choleraic syraptoma, or rapid prostration and 
convulsions. 

Flesh rendered Poisonous by Bacteria is tbe Living Animal. 
— In addition to certain definite diseases, sitch as tuberculosis, 
which may sometimes be communicated tJirough the presence of 
the specific bacilli or tbeir products in the flesh, there have been 
numerous obscure cases of poisoning, the symptoms of which 
resembled, t^ some ext«nt, those of ptomaine poisoning, although 
there was no sign of putrefactiou in the meat. In some of these 
cases it is not improl^ble that ptomaines may actually have been 
present, and have contributed to the result, since it basbeeu proved 
that these bases may be formed in cultivations by bacteria other 
than those usually associated with putrefaction. Thus putrescine 
has been isolated from cultivations of the Baeiltug coli i-ommunit, 
cadaverine from cultivations of Koch's comma bacillus and 
Finkler and Prior's bacillus, and methyl-giianidine from the 
substances elaborated by the bacillus of mouse septicfcmia. 

Bollinger f considers that septiciemia and pytemia must be 
regarded as the causes of many cases of poisoning, and he con- 
aidere them as of almost more importance than any other diseue^ 
owing to their frequent occurrence. During the four yeara pre- 
ceding I860 he had under his notice eleven cases of whol^ate 
poisoning, and 1600 cases of individual illness, which be con- 
sidered were undoubtedly the result of septiciemia or pycemia. 

In 1S74, in Bregcnx, fifty-one people were poisoned by the flesh 
* Oiientfacr, loe. rit., p. ISO. 
t Oitcrtag, Hitndbtieh iler FlcitcMeKhau, p. 169. 
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of a cow which had been slaughtered on account of septic injuries 
received during calving. A similar case occurred in 1876 in 
Bavaria, in which twenty two persons were made ill with choleraic 
symptoms. The cooked flesh and cooked sausages made from it 
were also injurious. ^In another instance seven people were 
poisoned by beef from a yoxmg cow which had been infected 
with puerperal sepsis before being killed. After four days the 
flesh showed marked signs of decomposition. In Ostertag's * 
experience there were 1500 cases of illness of this nature, 
principally in Germany, during the twelve years preceding 
1892. 

From these and similar cases, which might be cited ad infinitum^ 
there can be but little doubt that a septic condition in the animal 
is a frequent cause of its flesh having poisonous properties. 

Fiah Cholera. — This is a disease which is epidemic among 
sturgeon and other fish. Its cause was investigated by Sieber- 
Schoumow,t who found in the stomach and intestines of the fish 
a motile and anaerobic bacillus, B, piscicidus agUis^ which, on 
inoculation, produced the disease in healthy fishes. From the 
sterilised cultivation a very toxic base was separated, which he 
regarded as contributing to the disorders produced by fiish which 
are normally wholesome, but become poisonous when attacked by 
this and similar bacteria. 

Fischer and Eber isolated from the blood of a carp which had 
been killed by the impurity of the water a bacillus which was 
exceedingly toxic to warm- or cold-blooded animals, and which 
elaborated a poisonous toxine. This, unlike the ptomaine of 
fish cholera, was destroyed by boiling. 

Mussel Poisoning. — Severe illness is sometimes produced by 
eating mussels, the principal symptoms being vomiting, diarrhoea, 
difficulty in breathing, feeble pulse, prostration, a rash all over 
the body, dilation of the pupil of the eye, and sometimes swollen 
tongue and throat. In 1885 there was an epidemic of mussel 
poisoning in Wilhelmshaven, many of the cases proving fatal in 
the course of three or four hours. Some of the victims had not 
eaten more that five or six of the mussels. Konig states that 
poisonous mussels are usually of a brighter yellow colour, but 
those of darker colour have also been known to cause the same 
symptoms. 

The life conditions of the mollusc appear to have a considerable 
influence on its wholesomeness, for Virchow and Schmidtmann 
found that when poisonous mussels were left in pure sea-water 
they became harmless in the course of a month. Similarly 

* Handbueh der Fleischbeschau, p. 475. 

t Arch. Sciences bioL de SL Fdcnburg, 1894, ill. p. 241. 
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M. Woltf atid Konig * found that muasclH placed in the Btngnnat 
water of the harbour became poisouous in two or three weeks, 
while poisonoaa mussels placed in the neighbourhood of ft sluice 
where the water was frequently changed became hanulees again. 
The mussels collected in January and February wero taon 
poisonous than those gathered in November and December. 

From WoliTs * inveatigations the poison seems to be cbii-fly 
developed in the liTer, while the foot, gills, mantle, and eggs ■» 
non-[Joisonous. Schnudtmann t considers that the poison ii 
caused by a definite disease, probably bacterial and commiinimblc 

Mijtilotaxine. — Brieger } isolated from poisonous mussels n 
ptomaine or leucomaine to which he gave the name of mylitotoxiaa. 
It was accompanied by large quantities of hetaitie, which was also 
found in non-poisonous musseb. The constitution of mytUotoxbw 
is uncertain, but it may be regarded as a methyl deiivative of 
bctuine with the formula 

(ch,),n/'^^\co6h. 

Possibly it is formed by a diseased condition of the animal from the 
lielaine normally present or by the action of pathogenic bacteria 
derived from the water. 

The method adopted by Brieger for its isolation is described on 
[)age 315. It was not found among the products of the putrefac- 
tion of ordinary nou-poiaonous mussels. The free base is an unstable 
resinous body with a disagreeable odour. It is extremely toxic, and 
the least traces of its hydrochloride, when injected into animals, 
produce all the symptoms of mussel -poisoning. Free mytilolosiuo 
rapidly loses its poisonous properties on heating, and oo dry dis- 
tillation yields large quantities of trimethylamine. 

Flesh rendered Poisonous by the Action of Bacteria on the 
Bead Flesh. — It had long been known that an aqueous extract of 
decomposed animal matters had toxic properties, hut it was not 
until 1855 that the Danish chemist Pauum sliowod that the 
poison was of a chemical nature, and probably contained several 
active principles. 

His results were confirmed by Bcrgmaui, MilUer, and other 
chemista, especially in Germany, but the chemical uature of the 
tuxine was not determined. In 1869 Sonnenschein and Ziilier 
extracted from flesh which had been loft to decompose for five or 
six weeks traces of a crystalline basic substauce, which gave the 

• Konig, Nakr. Qcnuam., ii. p. 108. 

i Qnotcd by O&attet. Lfa Toiaiiet, ji. 136. 

; Virdumfi Archiv, 1889, cxv. p. 463. 
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reactions of alkaloids, and had physiological properties resembling 
those of atropine. In the following year Selmi found that sub- 
stances of an alkaloidal nature were normally present in the stomach 
of a dead animal before and after putrefaction ; in 1874 he definitely 
announced that basic substances resembling the vegetable alka- 
loids were formed during putrefaction, and gave them the name 
of 'ptomaines' (7rr(i>fui=dead body); and finally, in 1877, came 
to the conclusion that these substances were bacterial products. 

The first ptomaine isolated as a pure chemical substance was 
collidine, which was extracted by Nencki from a putrified infusion 
of gelatin. Since then a large number of well-defined ptomaines 
have been isolated by other workers in this field, among whom 
may be mentioned Gautier and Etard, Pouchet, Salkowski, and 
especially Brieger. 

Summary of the Principal Ptomaines. — The principal bases 
which have been separated from decomposing flesh are given 
in the subjoined table, in which Gautier's scheme of classification 
has been adopted. 

Monamines of the Fatty Add Series. 

Trimethylamine. (CH8)3N. Herring pickle. 

Di-ethylamine. {GjM^^B., Putrid meat extract. 

Tri^thylamine, {(j^B.^)^^. Decomposed cod-fish. 

Propylamine. CjH^NHg. Decomposing cod-liver. 

Butylamine, C^^NHg. Do. do. 

Amylamine. CgHuNHg. Cod-liver oil. 
Diamines of the Fatly Add Series. 

Putreaciney or Tetramethylene-diamine. C^H^gNj. Putrid 
horseflesh. 

Cadaveriney or Pentamethlyene-diamine. CgH^^Ng. Putrid 
fish and blood. 

Neuridine. CgHj^Nj. Putrid meat, albumin, gelatin. 

Saprine. CjHj^Nj. Decomposed flesh. 

Gnanidines. 

Methylguanidine. C^H^Ng. Putrid horseflesh and beef. 

Aromatic Ptomaines, free from Oxygen. 

Collidine. GgH^^N. Putrid fish and putrid gelatin. 
Parvoline. CgH^gN. Putrid horseflesh after several months. 
Corindine. CjoIligN. Putrid cuttle-fish. 
Di-hydrocollidine. CgH^gN. Putrid fish and horseflesh. 

Oxygenated Ptomaines. 

Neurine. CcHjgNO. Putrid meat on fifth or sixth day. 
Choline, CgHijNOj. Accompanies neurine. 
Mwearine. CgHwNOj. Putrid fish. 
Betaine. CgH^^^Oj. In mussels (leucomaine). 
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Somopiperidinic Aeid. C^H^jNO,. DecomposiUon of mwt 

fibrin. 
Mj/tilofoxiae. C^H[.NOj. In potBonous mussels (I lenco- 

raaine, c/. p. 232). 
Mydatonne. CoHuNO^. Putrid horaeflesh aft«c mae to 

fifteen months. 

Unnameil Bate of Brieger. CyHi^NOj. Accompauies myda- 
toxine. 
Aromatic O^genated Bases. 

TyTtisamme^. C^Hb^'O ! CgH„NO ; CoHj^O. Dooomposiog 

Mt/tline. C'jll,[\0, Decomposing human flesh. 

Symptoms of Ptomaine Poisoning. — The usual Bymptoms of 
ptomaine poisoning are dilation of the pupil of the eye, followed 
by its contraction, feeble pulse, slow respiration, fever, loee of 
muscular coutractibilitj, stupor, convulsions, and death. The km 
of the power of contracting the muscles, even under electrical 
stimuluB, is remarkable, and is a characteristic symptom oi 
poisoning by muscarine, a ptomaine which is found both in putre- 
fying flesh and in poisonous mushrooms. 

I The ptomaines vary considerably in their physiological action, 
some being quite inert, while others are fatal even in small 
doses. The symptoms of flesh poisoning probably vary in kind 
and degree with the nature and quantity of the bases preaeut, 
some of which may modify to a greater or less extent the action of 
the others. 

Of the monamines formed during the putrefaction of flesh, the 
meth'jlainiTtes and ethylaminet are only moderately poisonoas, 
tending to produce fever ; butylamine in large doses produces con- 
vulsions and muscular paralysis; and amytamine, which is very 
poisououB, causes dilation of the pupils of the eye and con- 
vulsions. 

The diamines (puCresirtne, eatlaverine, neuruiine, and saprint) 
are either physiologically inert or at most only slightly poisonous. 
Ca/laverine is said to produce infliimmation of the mucous 
membrane. 

Methyl-guanidiiie, which may be taken as representative of th« 
guanidine ptomaines, is exceedingly toxic. It produces dilation 
of the pupils, convulsions, and death within twenty minutes, when 
injected into a small onimal- 

Of the aromatic non-oiygenated ptomaines, coUidinf, parvoiine, 
eortittline, and di-hydroeoUidine are all extremely poisonous, 
Corindine resembles curare ia its effects, causing paialysis. 
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K-JtydroeoUvUne produces torpor, muacular paralysis, nnd 
wiPulBionB. 

Of the better-known oxygenated ptomaines, neurine produces 
salivation, contraction of the pupil of the eye, sudden convulsions, 
ftnd death. Choline rescmblea Deurine in its physiological action, 
nt is much weaker. Muscarine is exceedingly toxic, and in 
i&ll doses produces salivation, contraction of the pupil of the 
e, diarrhcca, convulsioas, and death. The action of atropine is 
Btagoniatic to the three preceding ptomaines, and is used as an 
Btidote. Betaine is nou-poiBonona. Myiialoxine is moderately 
Disonous. In large doses it cauaea diarrhcea, redness of the eyes, 
nivulaions, and death. Gadirtene is not very poisonous, but 
letki/lgailinene in sufficiently large doses produces symptoms 
' paralysis. An unnamed base of Bricger (C^H^jNOj), which 
! found accompanying mydaioxine in putrid horseflesh, has 
^iaoDOua properties resemliling those of curare. 

BotoliBin or Sausage Poisomng. — Like the attacks of 
trichinosis, cases of hutulum have been most frequent in those 
parts of Germany where, as in Saiouy, raw ham and raw sausage 
are most widely eaten. Sometimes the poisoning has been 
wholesale, as in the Chemnitz coses, where, in 1879, 241 
individuals were poisoned hj Meltieurnf, and where, seven years 
afterwards, 1 60 persons were poisoned in the same way. Ostcrtag * 
^ntiona smaller outbreaks of the same kind since 1886, as, fur 
, in Dresden (11), in Gerbstadt (over 50), and iu 
1(30). 

I The characteristic symptoms of puro Ixttutism appear after a 

piiod of incubation of from eighteen to forty-eight hours. They 

mmence with a feeling of uueafiiuess and pressure in the 

femach, followed by vomiting and, occasionally, diarrhoja, with 

Hitness, disturbance of the vision, muscular Gaccidity, and 

jilapse. When the case ends fatally death results in fivm four 

'i eight days. When the toxine of B. boiulinni is the solo 

pitributing cause of the illness, fever and mental disturbances 

~t not among the symptoms. The mortality is voty high, and, 

rding to Senkpiehl, out of 412 cases recorded between 1789 

1 1B86 there were 165 deaths. 

KEber raganjed both sausage poisons and ptomaines aa toxigeoio 

itftDces, not toxines. Under the term ' toxigenes ' he grouped 

e chemical products which, on injection into an animal, are not 

mouB niitU they have been modified by the vital activity of 

^ " I. He compared them with certain inorganic Bubata)ici'!>, 

•uch as sodium iodide, which, when injected into an aninuil, 

pnxluce no ill ejects for some six or eight hours. 

' Loe.cU., p. 603. StbneideinUbl, CaU.f. Buftt,jl8fl6, y- 611. 



226 



FLESH KIODS. 



The origin of the poison remained nnesplaioed for yean, 
although it had long been recogniGcd as distinct from that derived 
from ordinaTy putrefaction. Hilger * was the firet to isolate from 
the intestines of eix persons who had died from sauBage poisoning 
a aemi-fluid substance with properties resembling those of curare, 
and Tamba found a similar substance in liver sauaoge exposed tu 
the air. 

Haupt believed that the disease was produced by the decom- 
position products formed by B. proteus mirabilu, but OstCTtag 
pointed out that the symptoms of botulism did not agree with 
those produced by the inoculation of cultivations of that micro- 

In 1895 van Ermengem isolated, from the body of a victim to 
sausage poisoning, an auaSrobic l^acillus, the cultivations of wbioh 
produced the some symptoms. The characteristics of this 
bacillus, which was never found in putrefying substances, are given 
on page 278. 

Briegerand Kempnerthave recently isolated from pure cultiva- 
tion of B. botuliiius a toxine which they regard as closely related 
in chemical composition to the tosines of diphtheria and tetanus. 
The dried toxine kept well, and was found to produce all tlie 
symptoms of sausage poisoning. From putrefying liquids or flesh 
no poisonomi products with the same pathogenic properties mnld 
be isolated. The symptoms caused by products of the foli specie^ 
to which flesh poisonbg has often lieen attribnt«d, had no q>ecifio 
effects, and the cultivations of Gaertner's B. enleritidis prodao«d 
only very slight symptoms. 

The toxine of B. botuUnut is rendered inactive by being heated 
to 60' or 70* C. 

Eempncr \ found that by injecting gradiially-incroasing dosM 
of the toxine into goat« the animals were rendered inmiuue, 
and that guinea-pigs treated with the blood serum of the immuoa 
goats were made capable of withstanding a dose of the toxto* 
100,000 greater than one which, under other circumstancefli 
would have been fatal. 

* EOnig. ya\r. Omiam., iL p. lOS. 
fCaU./. Bait, 18B8, p. S19. 
XZta.f. Eyg., ISSr, iivi. p, 481. 



CHAPTER XII. 

THE AHIHAL PAILASITES OF FLESH. 

To give eyeu a brief account of all the iaternal panieitee found 
in different animals would require mucli more space than can be 
spared for it here, bo that, with a few exceptions, the various 
organisms described in this chapter will be limited to tboee 
connected directl; or indirectly with flesh considered as human 
food. 

Internal parasites, or Ertlozoa, may be defined as lower organ- 
isms, which either in an immature or adult condition inhabit the 
tissues or canals of different organs, or of the muscle or skin of 
higher animals, either in a free or encysted state. 
They may be grouped into three main divisions : — 
ProtoEoa. — Low organisms whose bodies are composed of con- 
tractile tissue and are usually without definite structure. 
Infusoria. — Microscopic organisms provided with mouths, or 
at least suction tubes, such as, for example, Cereomonae 
inteetinalit, found by Davaine in the eioreta of a cholera 
patient 
Hebninthia^ or true intestinal worms. 
Of the first class the parasites in the sub-order of Sponaoa are 
of primaiT importance in the examination of flesh and flesh pro- 
ducts, and of the third class the three orders — Cestoda, or tape- 
worms; trematoda, or flukes; and nemaioda, or round worms — 
likewise require special attention. 

SPOROZOA. 

These form a class in the sub-kingdom of Protozoa. They are 
unicellular organisms devoid of defiolte progressive organs {pamdo- 
podia or eiiia), but often provided with an organ of attachment. 
Their food is absorbed by endoamosis, and their whole lives are 
n>ent as parasites. When adult tbey reproduce their species by 
ttie formation of spores (piorospermix) in their interior. Within 
these spores are formed small sickle-shaped bodies, from which are 
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developed new parasites. The oFgaoismB ot tbia cla,a3 most com- 
monly met with in the examination of flesh are tbe socslled 
* pBorosperm sauuules,' tha formations known as ' Mie»ehe>'» 
tiibe»,' and the eoaddia with which rubbita are often affected. 

'FBorospenn Saccules.' 

These sporozoa, first dia<M)vered by J. Miiller, are found ia the 
oiiiscle and on the skin and gilis of fishes, and when visible to the 
naked eye have the ap[)earance o! small white specks. They vary 
very considerably in 8i:!e, some being microscopic^ while olhen an 
several millimetres in diameter. 

Miescher's Tubes (S^nc/ttYriMW Mieaeherianum). 
These curious torinations derive their name from Mieaoher, who 
first noted their occurrence in the muscles of a mouse. They hare 
since been found to be widely distributed, and are frequently met 
with in the flesh of the pig, ox, sheep, deer, and other animals. 
In the normally extended muscle they have the appearance shown 
in the accompanying figures, but when the muscles are fr^ed froin 



Fio. 20.— A single Miesehn- Tube in 
i' & miiHole Glire. Mors higUf 

ui>gui£ed, (LfuAl art.) 

Fin. 19. — Prepatxtion of musclB 
oontaining Miescber'a Tabes. 
{LttukarU) 

their insertions and the fibres contract, the tubes become broader 
and shorter. Tliey have a thick exterior wall of cuticle, and 
contain a tough matrix of protoplasm, iu which ore small bc«D< 
shaped granules, 001 mm. in diameter. In tbe younger and 
smaller tubes (0'7 to 1 mm.) transparent halls (probably sporee) 
may ofl«n be observed. 

Miescher'a tubes are usually classed among the sporosoa, but 
there is some doubt on the point, since no mo\'ements baY« been 
observed in the stage of development. Pcrronoito, in his expert- 
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mcDtB OQ the action of heat on various parasites (p. 248), found 
that these organiBme never showed any signs of movement as the 
temperature rose. On the other hand, Leuckart* states that by 
feeding a pig which was free from the tubes on flesh containing 
them, be succeeded in infecting the ftpip^w-l, and its muscles were 
subsequently found to be full of tubes. So far as is known these 
organisms arc without patholc^cisd eignificance. 

They can be readily stained by means of carmine or methylene 
blue. Marpmann recommends a counter-etain composed of phlozin 
red 1 part, and methylene blue 1 part, in dilute alcohol. The 
section from the flesh is pressed between cover glass and dipped in 
the stain for ten minutes, then washed with alcohol and water, 
and examined under the microscope. In this way the organism is 
stained blue and the muscular fibres red. 

Cocddinm Oriforme. 

This organism may be taken as a representative example of the 
eoccidia. It has been found in invertebrata (snail, etc.), in various 
mammalia, and in man, but it is most frequently met with in 
rabbits, where it produces what is known as the ' coccidial disease.' 
The livers of the infected rabbits are often found permeated with 
white nodules, some of which attain the size of a nut ; and on 
section a cheesy mass exudes, which contains innumerable numbers 
of the eoccidia. Sometimes the disease becomes epidemic, and the 
whole of the rabbits in a warren become infected. The secretions 
of the liver and bile are interfered 
with, and the tissue of the glands 
destroyed. The animals become thm 
and sick, then shortness of breath j 
and convulsions ensue, and finally ' 
death. 

These sporozoa are also known a 
'egg-shaped psoroeperms,' a name 
which rightly belongs only to the 
spores formed within them. The Fio. 21.— Coooidi»in thoLiverof 
eoccidia vair in size from 0'35 to ' Rabbit, one showuig prcro- 
37nm..ml.„glh,bj0015to002 S^t^nT ""' 
mm. in breadth. 

In the earliest stage of their life history these and other eoccidia 
are found in a free state in the epithelial cells, but towards the 
end of tbe period of growth they become enveloped in a firm 
shell, and leave their resting-place and generally their original 
host. The granular protoplasm is condensed into a mass in the 
* Human Faratila, p. 199, 




230 FLESH FOODS. 

centre of the capsule, aud Bporea are tormed, each containing a 
granular ball aod a sickle-sliuped liody. In the case of the 
Coccidinm oinforme the spores are only produced after eipuleioii 
with the faeces from the body of the boe^ and the further develop- 
ment proceeds in moLst Burroundinga outside. The spores &n 
round or elliptical, and have a rather thin wall, Accoiding t» 
Leuukart • they arc invariably four in number. 

THE CESTODA. 

This class of parasites includes the tapeworms and allied 
organbms. They are flat vrorms devoid of mouth or altmentarr 
canal. The ' head ' or nurse {/colcx) is provided with two or more 
suckers, and in many cases with curved hooks of attachment, by 
means of which it fastens itself on to the intestin&l membrane of 
its host, which is usually a vertebrate animal. Here it increases 
joint by joint, forming a long ribbon-like colony, which re- 
muina attached to the head for a considerable period. The 
individual sexual segments (proglattideg) increase in size, and be- 
come more mature or ' ripe ' as they become further removed from 
the head by the formation of other segmenta. The ripe joints 
are expelled from the body of the host, and the embryo which each 
contains becomes a bladder-worm (CygHcercus or Ol/fticrreoid), 
usually in the muscles or organs of another animal or inter- 
mediate host. Here it remains quiescent until introduc«d into 
Uio intestine of a subsequent host, where tbe head of the larva 
attaches itself to the membrane, and a new tapeworm is produced. 

Classification op Taphwobms. 



Leuckart t gives the following scheme of classificatioD i 
representative Caitoila : — 

FAMILT: T.a:NIAD.5:. 
DIVISION I. 
CyBtid (Cystic tapeworms). 

Si^genue. — Cystotronia (Leuckart). 

1. Tmnia eaginata. 

2. T. solium. 
S, T. acanthotrias. 
i. T. margjnata. 

Svb-geitu». — Ecliinococclfer (Weiuland). 
5. T. echinococcus. 

' Loe. cit., p. 202. t Human r<iraeiUt, p. SiNt, i 
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DIVISION IL 

Cystoidei (Ordinary tapeworms). 
Sub-geniM. — Hymenolepis. 

6. T. nana. 

7. T. flavo-punctata. 
Suh-genua. — ? 

8. T. madagascariensis. 
Subgenus, — Dipylidium. 

9. T. cucumerina. 



FAMUT : BOTHBIOCEFHALIDiE. 

Genus, — ^BothriocephaliLB. 

1. B. latus. 

2. B. cristatus. 

3. B. cordatus. 

4. B. liguloides. 

Usual Hosts of Somb Tapbworms. 

The following table shows the hosts of some of the better-known 
bladder-worms and their related tapeworms : — 



Laira. 


Host 


TapewornL 


Host 


Cysticercus cellvr 


Swine, dog, bear, 


Tania solium, 


Man. 


loseSf 


deer, rat, ape, 
man. 






C, boms, 


Oz, goat (experi- 
ment), giraffe. 


T, saginaJta, 


Man. 


C. acarUhoiriaSf 


lian, ox (prob- 


T. acanthotrieu, 


Not known, prob< 




able). 




ably man. 


C. tenuieollis, 


Swine, rami- 
nantB. 


T, margiiuUa, 


Dog, wolt 


Eehinoeoceua 


Ox, sheep, swine, 


T. echinococcus, 


Dog. 


hominUf 


man. 






C. fatciolaris, 


Monse. 


T, crassicoUis, 


Cat 


C. pisi/ormu, 


Hare, rabbit. 


T. serrata, 


Dog. 


ComuruB cert- 


Sheep, ox, squir- 
rel. 


T. coBnurus, 


Dog. 


bralia. 






Cyiticercui T, 


Dog-louse (Trioh- 


T, atcuvurina, 


Dog, oat, man. 


cucumerinm, 


odectes oanis). 






Larva of Bothruh 


Pike and other 


Bothrioaphalui 


Man, oat (exptrri 


cephalua IcUua, 


river fish. 


lattu. 


mentally). 


„ B, cordalua, 


Probably marine 
fish. 


B, cordaUis, 


Dog, man. 


Cyiticercui ovii, 


Sheep. 


(f) T, Uiulla, 


Man(?). 



Family 1 — The Tsdiiiadsd. — The tapeworms in this branch of 
the Cestoda have small spherical or pear-shaped heads supported 
and moved by a muscidar proboscis, the rotftdlum, and provided 
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witlt four suckers for attachment, aod usually vith one or mart 
circlets of hooks. The divisiou of the individua,! s^menta is well 
marked, and eacL retains its enclosed eggs until the proglottis 
itself is destroyed. 

The TteniadtB fall naturally into two divisions : — L Cyatic tAipe- 
v/oTras, which at a certain stage of their growth as larrw form 
bladder-like cjsts containing liquid {hydatMa). II. Ordinary tap& 
worms, in which the embryonic body is solid or nearly solid. 

I.— CYSTIC Tapeworms. 

These can be further subdivided into two more groups. A, 
" Those in which the head arisiis within the embryonic bladder," 
and B, " Those whose heads are budded off from special brood cap- 
sules attached to the inner surface of the bladder."" With tht 
exception of T. eoffinata and T. solium, all tbe tapeworms of 
Group A are found in carnivorous animals. T. eckinoeoetut ii 
representative of group B, 

Group A. 

Tienia sagmata. — General CJuiraelerisiies. — Tliia tApewonn, 
also known as T. medio-canellala, T. lata, and T. deniata, 
ia common throughout Europe, Asia, and Africa, and is iht 
tnpeworm most frequently met with in Bavaria, Hungary, Italy, 
iind Turkey. "When tull-gromi it is about 4 metres in 
length in its contracted state, and from 7 to 8 metres 



^n^jJJ3QBs 



Flo. SS.— Tkiu* HghutB, (iStei Ltxiekart.) Nstaraluia. 

when extended. It nsnally has from 1200 (o 1300 segmenls, 
of which from 160 to 200 are 'ripe' proglottides. Tho 
middle segments measure from 12 to )1 mm., and those of the 
neck seldom lees than 1 to 15 mm. The head is large (1'9 to 3 
mm.), and has a fiattcoed crown, in wtilch is a hollow depression. 
* LftBckiirl, 
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: has four suckers, but is devoid of hooks (figs. 23 niid 31). 
nch ripe proglottis is capable of holding about 3500 eggs 
jeuckart). The entire colony of proglottides ia renewed every 
! montba, and Cobbold * eBtimates that a single tapeworm 
I distribute annually twelve milliou eggs. 
\ CyntKereus BovU. — The bladder-worm of 7". naginata is foimd 
'moat exclusively in the musclee of the os, cow, and calf, and 
wt of the attempts to rear it in other animals have been un- 
cessful. Zenker, however, claims to have succeeded in the 
) of the goat, and it has also been known to occur in the 
~ It is most frequently met with in the facial muscles, and 




7ra, la. — HMd of Cysttoercui of 
T. Mtj/imUa. K 2(i. (AlW 
Lntetart.) 



0. 24.—' Heuica ' in Beef. Two- 
tliirdi of tlie natunl size. {E, 
MUckrU.) 



I lliose of the heart and tongue, while other miiHclcs 
Bck, breast, etc.) are comparatively free, 
I It originntea by the animal swallowing a 'ripe' j/rnQlotlu {or 
t eggs) which has been expelled from the body of the host of 
• parent tapeworm. In about eighteen weeks the eggs de- 
lop into complet«ly formed bladder- worms, whicli, however, 
btinue to grow for about ten weeks. When full grown each 
* Pamtita of Man, p. 12. 
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^H envelops itself in a long oral 


cyat from 3 to 5 mm. in diameter. | 




^H 










The bead resembles that of Um 


^H HB 


•y 


sexually complete tapeworm is 
being provided with suckers, but 


^^^^^ * ^^^m 


1 






DO hooks. It remains quieacent in 


^^^^^H ^^^^^Hr 


£ 


the cystic state until the aijimal 


^^^^^H jgKtBr^ 


:^ 


dies or is killed and the fleah 


^^^^^H (93^^^ 




eaten by man, when it attacbtt 


^^^^^H /n^flT 


t; 


itself to the inteatinea by muoun 


^^^^H L./Mm 


< 


of the euf^kera, and completaa ita 


^^^^^P An|rJK 


development. 






'Measles' in Beet— The muscle 


■ j^Ol 


y 


containing the encysted 
bladder - WDrms, which 




1" 


resemble little white 


1 ^ 1^ 


knots, has often been 


1 r ^ J 


1 


termed ' measly ' from iu 




appearance (fig. 24). 


1 vH 


1 


There is usually a thick 


E-i 


well -developed oouDi-ctive 


a 


tissue around the cysla, 


^B P M •X 


= 


and not infm|ueutly the 


^H N t? "U 


£. 


worm is found dead, and 


^B t T 'C 


^ 


the cyst filled with 


U— t%\ 


•s 


caseous or calcareoua 


3 


matter. When, too, the 


^B vl 


s 


fluid iu the cyst is turbid, 


1 


instead of clear and 


1 


limpid, it is probable that 


^^^^^H. tk, <h ^ 


the parasite ia no longer 


^^^K m\X 




li\-ing. Beef coutaining 


^^m Wi^x 


.2 


hydatids is only danger- 




L ^, 


ous in the raw or imper- 


^^^ W' * 


fectly cooked oonditiom. 






' Meaaly ' beef is very prevalent 
in India, but is not common in 


^H ^"Xfc.. 


* " 


tliis country. 


■ 


J 


Taania eolima.— General Char- 
acterigtica. — This tapeworm Ifl 


^1 smaller and cootaitis 


fewer 


sogmenta than T. taginala. In an 


^B oxleHded eUte it is 


rom 3 


to 3-5 metres in leuKth, but when 


^1 contracted, as seen i 


1 preserved Bpccimcns, its length is usiuUj^H 


^H loBS than 2 metres 


Its greatest breadth is about 8 mm. ItH 



CYSTIC TAPKWOEMS. — T. SOUUIL 




rovidod with four promiueut auckera, and from twenty-Hix U 
Ifinty-eight hooks. The apex is often marked with trocoa of e 

ok pigmeut 
Ig. 31). As in the 
e of T, taginala, 
proglottis, 
loftviiig the 
colony, is 
)able of acting 
ire or Iosk like an 
lependent organ- , 
(figa. 25 imd I 

lie t«nn 'com- 

I tapeworm' is 

1 collectively to 
indicatu both this 
aud the preoeciinf; 
tapeworm. Acford- 
U> LoiickAft, 

G are free front 

^tum(of thepig 

w), but arc as 

"i infected with ^"""^ ""■'!'"*• '■ ^- '■^'"'' ^'" ■"■ ^'^'"^■' 
iginaia as the rest of the comm\inity. The nterua of a free 

;lottiB is a chBra*iteristio atructuro (iigs. 27 and 31). 

larva of this taiMtworm {C. cellviom\ is found most fro- 

itly, although by no meuns exclusively (ef. Table, p. 231) in 

mu«clos of the pig, where it produces tlie wetl-kiiowu ' measles ' 
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of pork. Its origia and development take plxce in a Bimilftr 
niuiner to tliat of the ox-hydatid, but it is muoli more dftngerous 
from the fact that the bladder-worm and tapewonn are capable 
of living in the same host, and thus, in the case of man, auto 
infection with the hydatids, which produce much greatei 
disturbances than the tapeworm, is bj no means impossible. 

' Measles ' in Fork. — When eaten by a pig, the covering of the 
eggs of the tapeworm ia dissolved by the gastric juic*, and the 
embryo, piercing the wal] of the 
intestine, chooses a suitable place in 
the muscle, and is gradually trans- 
formed into a hydatid, on the inner 
wall of which the head is developed. 
After three weeka the bladder is the 
size of a pin's head, and contiooM 
growing until the ninth week, when 
it is as large aa a pen, and tlie bead, 
on which the suckers and books can 
now be distinguished, ia as lar^ na a 
pin's bead. After three montba Uic 
ne(!k is developed, and the larva is 
ready for tmuaference to ita snbw 
quent host It now beoomea en- 
veloped in a capsule of cuntieotivs 
tissue, and remains ()uiascent UDtil 
the animal dies or is killed. 

Unlike the trirhinm, which imbad 
themselves In the muscular fibre, the hydatids prefer tbe cace- 
neotive tissue between tbe fibres. Among the parts most tn- 
igueutly infected are the paunch, heart, tongue, neck, diapbiagn^ 
and inner ade of the thigh. They are least frequently found 
in tbe liver, lungs, and intestine. 

The frequent occurrence of the hydatids in the tongue oftea 
enables the owner of a pig to discover them in the living animal, 
and in Germany such infect«d swine are often promptly sent off 
to some out-of-the-way place where there is no inspection of mcati^ 
although the practice ia forbidden by law.* 

The cysts formed by tbe swine bladder-worms are eomtwfaftt 
smaller and rounder than those of the ox hydatids, and ban 
not so grey an appearance. Calcareous degeneration also occun 
with much less frequency. The living hydatid contains a clear 
Imnapnrcnt fluid in which the white head of the parasite is seen. 
The walls of the bladder are composed of a semi-transparent mem- 
brane, and around this the connective tissue of tho flesb in wbicb 
* Fiichoedsr, lae. dt., p. ISt. 



Tta. 28.— 'Meulw- In Pork. 
About two-tbirdi of th« 
nftturkl ufB, (After £. 
ilUchcll.) 
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die worm is imbedded becomes tbickened, forming an additional 
Jkyer, so that the cyst baa a greyish opalesuent appearance 
Kfigs. 32 and 33). The lieud, rotracted wiLhiu the bladder, is 





lieidprotTiid 
Lntctarl.) 



Fio. 30. ~ Ripe egg of Tamil 
lalium. a, tilbuuiinoDi emv- 
lop« ; b, romaiiia of yelk; e, 
coveriuKof tbe embryo ; J, em- 
bryo with embryontl booklets. 
[Laiuioit and Stirling. ) 

whicb 19 a double 



tumisbed with four suckers, and a proboscii 

oirotet of from twenty-four to thirty hooks (figs. 29 aud 31). 





FlO. 81.— HMd, Etc., of Tsnia mlivm and T. aa/jinata, anil joints of Loth, 
thoM tboTe ahowiug seioal organs. I^Latuloiiand SliTtiny.) 

Acconiing to Fiscboeder,' swine are infected relatively seldom 
L(0'3 per cent.) in countries in which there is a regulated sjstum 
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of sewage disposal, As a rule only ycmng pigs less than six 
montba old become 'hosts,* although hydatids are BomeUmet 
found in nnimals more than eighteen months old. 

Tcenia acanthotrias. — Only the cysticereus of this tapewortn 
is known. In form it is very similar to C. edMota, mid, like it. is 
met with iu the muscles and brain of man. It is distiogiiiKbed by 
the form of its hooked organ of attachment, which oonsiBts of • 
triple circlet of from fourteen to twenty-six rather slender boolc«. 
The related tapeworm is unknown, but probably lives in the 
human intestine. The cysticereus has hitherto only been met with 
in the human subject, but its occurrence in beef is also probable,* 





Fio. 32,— Cystictrci from T. 
nlium. Natural aiie and 
magoificd. n, embryo 
aac ; b, cavity prudaced 
b; badding of the embrjo 
Mc; c,™iomldi«!.irid 33. -Eq capsuled cyafeawd 

^''""''■' a human sKWriufc Natnnl 

eize. (,Lawi»)i»tuuiStirliitg.) 

Tsnia margmats. — General Characierielies. — This b one of the 
most common parasites of the dog. It is distinguished from T. 
folium by the form of ite hooks, wliich are more slender, althait^ 
of about the same size, and average from thirty-six to thirty-eiglit 
in Diunber. Its suckers also are smaller and weaker. It some- 
times attains a length of 2-5 metres, but, as a rule, does not ex- 
ceed 15 metres. It has never been found in the human subjeoL 

Cydiaemui tenuicollit. — The related bladder-worm of T. mar- 
ffinata is found in the liver and viscera of ruminants and swine, 
•Leuckart, loe.eU., p, 561. 
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and occasionally in deer, but its presence in man has never been 
proved beyond doubt. It has a strong resemblance in appearance 
to the bladder-worm of the hare {G. puiformU). It has been 
found in a very young lamb's liver, forming pale yellow points 
visible to the naked eye. At an early stage of their existence the 
bladder-worms wander through the liver of the animal, forming 
long passages. 

As a general rule the bladder- worms do not remain in the liver 
until the end of their growth. Most of them pass into the body- 
cavity before the head (which in this species is formed at a late 
stage) has developed, and after remaining there for some time in 
a free state form fresh capsules for themselves, which sometimes 
grow to a great size. Leuckart * mentions that in the museum 
at Giessen there is one from an ox which is 160 cm. long and 6 to 
7 cm. broad, and it is on record that a tenuicollis cyst measuring 
12 inches by 4 has been found in a pig. 

When flesh containing a bladder-worm is eaten by a dog, all but 
the head and neck of the parasite is destroyed, and in f^om ten 
to twelve weeks the resulting tapeworm has produced ripe 
proglottides, 

Tsdnia serrata. — This tapeworm is also found in the dog, but 
does not pass into man. It has some resemblance in appearance 
to T. soUurOy for which it has occasionally been mistaken. It is 
distinguished from T. marginata by its larger head (1*3 mm.), 
which is provided with conspicuous suckers, a rostellum (0*64 
mm.), and a double circle of from thirty-eight to forty-eight 
larger and more powerful hooks (fig. 34). 

Cygticercus pisi/ormis, — This is the corresponding bladder- 
worm of this tapeworm, and is usually found in the liver of rabbits 
and hares. On the fourth or fifth day after eating the eggs the 
liver of the animals will be found studded with small white 
points resembling tubercles. These gradually increase in size until 
the third or fourth week, when, like the Gysticercus tenuicoUis, the 
worms leave the liver for the body-cavity, and eventually become 
encysted in a fresh position. In the second week the young bladder- 
worms measure 0*5 mm. or more, and soon after change their 
globular form for a more extended one. About the third week 
they are about 2 mm. in length and 0*4 mm. broad, and begin to 
develop the characteristic head (fig. 34). 

As in the case of the coccidia, the cysts within the liver are 
enveloped in a layer of connective tissue. The effects of this 
hydatid are not so severe as those caused by the (7. tenuicoUU in 
the liver of the sheep, for the latter, at the time of its exit, is 
considerably larger. Leuckart states that he has never met with 

• Loc cU,, p. 677. 
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a frttal case in rabbits, and that aft«r the worms have left Ihe | 
liver the passages close up, leaving eventually only sous. 
additiou to rabbite and bores, any grass-feeding ruminant may 
bovouie infected with this hydatid, tho>igh cases are not common. 
TiBnia ccenurus. — This is the smallest of the three sinular 
tapeworms of the dog. It differs from T. marginata and T. 
eerrala in the shjipe and structure of its head, and iu the structuro 
of the sexual organs. The head (0'8 mm. in diameter) is small 
and pearsahaped, and has from 24 to 3'2 books. In the uomjJvte 




Fio. 3«.— EMdor(ViMMmur(*ifbm^. x M). tUbn B. M. Pridtaux.) 

tapeworm there are less than SOO jointe between the head and 
the first ripe proglottid, whereas in tiie case of T. marginata aod 
T, serrata the numbera are about 550 and 325 respectively. 
The full-grown worms vary in size from 20 to 50 inches. In 
England not more than 5 per cent, of the dogs become infected 
with it, but in Iceland it is very prevalent,* It has not been 
found in the human subject. 

Caimtrui cerebraii». — The larva of T. eonturv* is most com- 
monly met with in the brain cavity of sbeep, but it has alao been 
found iu the spinal marrow and subcutaneous tissue of aheep^ uid 
in the viscera of a squirrel and lemur, t It is a compound panwte. 
In most normal cysticerci only one head arises from the inner 
wall of the bladder, but the ccenum* can produce an uuUmitod 
number, and Eichler has found as many aa 2000 in a nngle 

* Cobbold, [nitnuU ParatiUi of Domatk Animals, p. go, 

t Cobbold, luceit.p. 72. 
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individual.* The heads, which, at an early stage, ouly number 
three or four, rapidly develop in colonieB, aa it were. Fig. 35 
shows a section of the wall of the bladder of a etenurus with some 
of the beads. Each head is capable of producing a sexually 
mature tapeworm ia the d(^ in about three weeks. Apart from 
this characteristic formation of imtimited beads, the bladder- 
worms are similar in struoture to other cystic bladder-worms- 
They form passages in the brain similar to tboae made in the 
liver by C. pisi/armis, and produce what is known as ' gid ' or 
* staggers ' in the sheep. Tbe older an animal gets tbe more 
immime does it become ^^ainst tbe attack of this bladder-worm, 
and, as a rule, only lambs are infected. With tbe advance of tbe 
disease the flesh of the animal greatly deteriorates. 




Tstnia crassiGOlliB. — This is a email tapeworm which inhabits 
the intestines of the common and wild cat 

CysHeereM /aadolarig. — This is the corresponding bladder- 
worm, and is found in rats and mice, its favourite position being 
tbe liver. It is one of tbe smallest cysticeroi, the cyst rarely exceed- 
ing the size of a pea, and is notable from tbe fact that its bead 
and body rapidly become too lai^e for the bladder, and are 
protruded at an early stage of ita existence. Owing to its jointed 
form it was once regarded aa a complete txnia, but it has long 
been proved that the segmented body is destroyed like that of 
any other bladder-worm when the parasite is taken into its final 
host, and only tbe bead is left to develop into the adult tape- 
worm (fig. 36). 

Tenia tenello. — On several occasions Cobbold t met with, in 
the human subject, a slender tapeworm which he believed to bo 
the adult form of the bladder-worm of the sheep (Cyiiieercus ovit), 
although feeding experiments gave negative results. It differed 
from T. tolittm in having shorter proglottides, and in tbe structure 
of the sexual organs. 

* Cobbold, te. n't, p. 98. * ElOotoa of Man and Animali, f. SS, 
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Cyntieerem obi's. — It baa often been aeaertod tliat no s, 
bliidder-worms are developed in the muscles of sheep, but Cobbotd 
states tbat on &ve separate occasions he has detected a charac- 
teristic bladder-worm in mutton. The 'measles' were somewhat 
smaller thau the similar cjsticerci hi pork, and the bllLdde^ 
n'orma were quite distinct from the Cyiitii:erci hovU and ctllulotm. 
The head was about ^inch in diameter, aod wna provided 
with four auckecs yJu-Jiich across, and, unlike that of the hladder- 
worm of the os, with a double crown of tweiity-sis hooka. The nock 
nndhead were studded with calcareous corpuscles, which were appar- 
ently very distinct on this cysticercue. He was unable to prove 
esi)erimen tally to what tapeworm this bladder-wonn belonged. 
Leuckart points out that from Cobbold's description of this 
cysticercus it has a strong resemblance to the C. ceUulosm of the 
pig ; but, on the other baud, all Leuckart's attempts to infect 
sheep with the eggs of T. solium were unsuccesefuL* 



Group B. 

TEBnia echinococcuB.— In the group of the beuifldjc of which 
this tapeworm is representative, the heada of the larvie are budded 
otl' from brood-capaiiles on the inner surface of the bladder. This 
tapeworm, which inhabits the intestines of the dog, wolf, and 
jackal, is very small, not exceeding 5 mm. iu length, and 0'3 mm. in 
breadth. It haa only three or four segments, of which the last is 
larger than the rest combined. The head is provided with stront^ 
well-defined hooks, usually from twenty to thirty iu number, 

Eehinoaoems polymorpkue or Hydatid Biailder-Worm. — The ^ 
larva of this small tapeworm has long been known by the naino 
of ' e^Wnocowwe * or 'hydatid.' It develops in the organs of oil 
herbivorous animals, especially in the lungs and liver, forming 
conspicuous bladders, which often increnae to an immense siu by 
budding internally and eitcmally. Unlike the eysticeroi it is cono- 
poratjvcly rarely found in muscle. 

It is commonly classified into three varieties: — 1. A simple 
bladder. 3. A bladder containing daughter bladdera. 3. Com- 
posite bladders united by means of connective tissue. The lut 
variety is usually met with in the oi and in man ; the two first in 
ruminanU (other Iban oxen), in swine, and in monkeys. In all 
three varieties tbe beads may be present or absent. As a genenl 
rule they are developed when tbe bladder is as largo as a nut, but 
not infrequently at a later period. Thus Leuckart records na 
instance iu which the lungs and liver of a cow conlaiued 150 
■ Loc. cU., p, 4SS. 
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ihinococci as large as a hen's egg, all of whith were barren, 
1 la other bladders, only 10 mm. in diami'ter, the formution 




Fio 87 — Echmococcni bl«dder 
{,E. i!\kK<ll, »£tor Ltutkart. ) 

. had already commenced. Eauh head 
y developing into a com])lete tapeworm, 
BO that one bladder may produce a colony of 
vorms ID the dog. 

In one or other of its forma the ecliiuococciis 
V H frequent pnraaite ia cattle, and causes con- 
Idcrable mortality. In the os the bladder 
Onetimes reaches a size of 12 inches or more 
i diameter. The hydatid in cattle is only 
'directly dangerous to man, since the tape- 
I doca not develop in the human intestine. 
"a readily infected with the eggs of the 
mia, and the resulting echinococci often pro- 
duce terrible effects. Cobbold states that 
in certain countries, notably Australia and 
Iceland, the disease ia both prevalent and 

Lticke * has examinal the chemical nature 
the echinococcns bladder, arid finds that the 
itance is of a chitinons nature, but differs 
<m the chitin of arthropoda in being less Yia. 33,~l^nl* 
resistant to the action of boiling water and of Mhinacocciu. x 12. 
potassium hydroxide. He states that there is n (■*■ ■"'feA'W. »rtM 
marked difference between the amount of nsh -t^uetort.) 
~ in old bladdore (e.;/., 15'79 and 0'28 per cent. 

* Lonokarl, loo, eit,, p. eso. 
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respectively). Ha gives the following 6gures of the eleiueiilarT 
percentage oomposition of the two (omitting ash) : — 





C. H. 


N. 


a 


OldBUdder, . . . 
Young „ . . . 


45 '312 
14'06S 


8-644 

a -707 


6-14SS 
**78 


43-9SI7 
M717 



II.— OllDINARY TAPEWORMS (CTSTOIDEI). 

The txniadfe in this division do not form bladder-like cysta iit 
the larval stage, and the body of the * bladder-worai ' or ryttirer- 
coid is solid, or nearly solid. With the exception of cystioorci 
found in birds, aiich as PiesiocystU variahilia in the crow, which 
appear to be intermediate, since their bodies often contain » little 
fluid, the ej^tiecrcoids tire found only in cuId-blix)dod nT i ini >t|a , 
such as lish, womia, snails, and insects. 

Tffinia n&na, — This is a very small tapeworm, 12 to 20 mm. 
in length. It hii8 a spherical head with four round suckers, Atiil 
twent_v-two to twenty-eight very smull hooks. It has hitherto 
only been found in the huraan subject in Egypt. The eysticercoid 
probflbly inhabits some snail or insect. 

Tieiua flavopimctata. — This is a tapeworm about 12 Inclua in 
leugth, which is charuoterised by having a central yellow spot 
on each unripe joint. Its head is club-shaped, and is devoid of 
rostelluni or hooks. 

TffiDia madag&SCarienBiB. — A tapeworm about 8 cm. in length, 
only found once in the human subject in Kfadngascar. 

Tfenia cncmneriua.— This is the tffinia most frequently occurring 
in do^ or cats, as many as 200 individuals being sometimes Diet 
with in one animal. It is from 18 to 25 cm. in length, aud iU 
head has a club-shaped projection and four rows of about Bixty 
hooka. It occurs ns frequently in the cat as in the dog, and is 
idonticnJ with the varieties T. eanina, T. elHptira, and T. moniti- 
/ormu. It is not rare in man. The cysticercoid inhabits the dog- 
loiise {TrlJui-iertes ■•anu). 

Other Tmuads.^Only a passing allusiou can be made hen 
to the many other species of bipeworms which have been 
described, such as, for instance, T. jier/oliata of the horse, 7*. crtutt- 
frpt of the fo» from Cj/flirerwa longirolIU in the shrew, and T. 
tenuicoliia in the pole-cat from C. talpx. The tienite found in Inrda 
aro, as a rule, characteriaed by a well-developed rostellum aa in 7*. 
fiaradoxa m the oyst«r-catcher. Other examples of avian tapo- 
wonna are T. tnailetu in the domestic fowl, T. mieropt in the 
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ctipercailzie and grouse, and T. infundHntli/ormit in the grouse, 
partridge, and quail. The cyaticercoida from which these are 
developed probably live in different kinds of insects, or in snails. 

Family IL— The Botbriocephalidn The parasites belonging 

to this family of the oestoda are of simpler construction than 
the tteniadffl. The tapeworms attach themselves to their hosts 
hy means of two longitudinal suctorial grooves, but do not possess 
true suckers or a rost^Uum, and the bead, which is flat and oval, 
is as a rule devoid of hooks. The segments are less defined than 
in the more common cestoda, and the openings of the reproduc- 
tive organs of the individual joints are differently situated. In 
most cases the larva at some stage of its existence lives in an 
intermediate host, but never seems to become a true bladder- 
norm, although Leuckart states that in some instances the body 
has an appendix which apparently corresponds to the bladders of 
the cysticerci of beef and pork. The larvte develop in the muscle, 
or more commonly in the viscera or liver of animals associated 
with water (fn^s, or other reptiles, and birds), but especially in 
freeh- water fishes. 

BothrJocephaluB latns {The Broad or Pit-Headed Tapevxmn). 
— This is the best known representative of this family. It is 
common in parts of Russia, Switzerland, Sweden, and N.-E. Ger- 
many, and tiiough rare in England, is said to be indigenous in 




o. 40.— Ovum of FiQ. 41. — Ci1ut«d embryo 
B. latut. X 280. of B. bUus emerging 

{Alter Leutiarl.) from the dt am. x200. 

[After Leuckart.) 



Fio. 3».— H«ftd of 
B. latia re&red 
in * cat from 
the luTa from 
a pike. X 21. 
(After Ai-aun.) 

Ireland.* It has hence been termed the Irish tapeworm. When 
full grown it sometimes attains a length of 25 feet, and may have 
aa many as 3000 to 3500 short joints. The body is thin, flat, and 
ribbon-like, and, unlike the txniadte, the joints are not separated off 
as separate organisms, but are expelled in connected chains. 
* Cobbold, TapttDOTiiu, p, 17. 
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The head is long, oval, and poinled, and has two longitndiiu) 
grooTea, which serve as suckers (fig. 39). 

The eggs ai* oval aad comparatively large (O'OS mm, in 
diameter), and have a characteristic operculum. When toim^ned 
in water they develop into cihatod embryos, which giye birth, aa 
it were, to a higher form of larva (pro-3colex), which has a diameter 
of 0*045 mm., and is provided with six well-developed hooks, with 
which it makes its way into the tissue. This develops into a Htill 
higher larva (scoJex), which becomca encysted in the piko or other 
river hsh, but there is no knowledge as to how the change ocoura. 
Lcuckart and others hiivo kept yonng pike in wal«r with the 
ciliated embryos without infection taking place, and the former 
suggests that there may be two intermediate hosts, the embryo 
being eaten by some small oquatJc iuvertebrute tutimtU, which In 
turu is eaten by the fish. 

The Higher Litroa of B. lotus. — As found encapsuled in the 
muscle or un the intestinal wall tbis larva is an inconspicuous, 
flat, chib-shaped organism from 5 to 10 mm. in length and 2 to 3 
mm. in breadth (tigs. 43 and 43). 




Fin. 4S. — Higher larvk of B. 
laltii enonguuled x 13. (B. 
Uitchell, kfler Braiui.) 



Flo, 42.— HiehsrUrvAoff. lalui, 

with henil rotrscleii, from pike, 
X 6. (Lniotarl) 

The head, which ia usually retracted, hns suction grooves 
similar to those of the adult worm. The body is solid, and b 
studded with numerous calcareous pikrtiales, so that the larva ha> 
ft wliite appearance. It is not segmented, and, unlike the flask 
cysticerci, has no bladder. The capside iu which it euvdope itseU 
is soft, aad the head often projects outude it, especially in the 
case of those on the iulestioal walls. When removed from the 
capsule, and pliiced in warm and moist conditions, thu larva moves 
actively, bending and straightening itself. Lcuokart* states that, 
uuder favourable oonditioDH, it is capable of existing for eight days 
outside its host. It has been proved that this biglier larva 
develops into B. latus in man and in tbe cat, but curiouslj' 
cnougli the tapeworm in the latter is distinguished by having 
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very many less joints, though otherwise identical. The method of 
infection appears to be through eating imperfectly cooked fish. 
Braun found that smoked pike was dangerous, and also that the 
larva could remain alive in the fish when frozen hard. Although 
the pike is the most common intermediate host, the larva also 
occurs in the turbot, and probably in members of the salmon 
and trout family. As the tapeworm is very prevalent among the 
Jews in Utrecht, who are great bleak-eaters,* it is not improbable 
that in its intermediate stage it should also inhabit that fish. 
Recently t von Schroder has foimd the larva in the perch. Eighty 
fishes from Dorpat were examined, and of these 35 per cent, were 
infected, though only to a slight extent. 

Bothriocephalns cordatus. — This is not unlike the preceding 
tapeworm as regards the structure of its joints, but is much 
smaller (about 12 inches long), and has a small^ broad, heart- 
shaped head. It is frequently found in the dog in Greenland, 
where it also occurs in the seal, walrus, and man. In this 
country it is most likely to be met with among the inhabitants of 
the islands on the northern and western coasts.* The higher 
larva has not been identified, but probably lives in marine fishes. 

Bothriocephalns cristatus. — This is a rare tapeworm of from 8 
to 10 feet in length, which is characterised by a crest-like rostellum. 
It has twice been found in France. Its higher larva is not known. 

Botbriocephaliis liguloides. — This has hitherto only been 
observed in China and Japan. 

Malformations of the Cestoda. 

It is by no means uncommon for abnormal forms of the cestoda 
to be met with both in the complete tapeworms and, what is of 
more importance in the examination of flesh, in the larval stage. 
Thus, among the taeniadss, double monsters have been described, 
and formation of supernumerary joints is conmion, especially in the 
beef tapeworm (T. mginata). The most common malformation in 
BothriocephcUus lotus is the presence of double genital apertures 
in the joints. 

The occurrence of monstrosities with more than four suckers 
and with an unusual number of hooks is not infrequent, both in 
the tapeworm and its bladder-worm. Thus Klepp J describes one 
which was the only individual (Cyaticercus cellulosa), found in a 
pig. This had six suckers instead of four, and twenty-eight hooks. 

Referring to this case Ziim § gives a summary of such abnor- 
malities in various bladder - worms as recorded by diflerent 
observers. Eiichenmeister, he states, describes bladder-worms of 

• Cobbold, EnUma, p. 111. f Zeit, Fleiseh u. Milch ffyg,, 1898, p. 66. 
t Ibid., 1898, p. 207. § Ibid., p. 228. 
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T. solium and T. saghtata with six suckere. Eaillot (Notifet para- 
siiol.) bus obaerved the deformity iu the hare cysticercwa (C 
pinifonnU), aad it liaa frequently been noticed ia the ca«e of 
Ci/iiKereue ienuicollia. According to Leuckart and KiichennieiBter 
the abnormality is not rare in Gwiunie cerebrulis, and Bremser 
bas met with a Txnia crame-ollii with eis suckers. Btodder- 
wonns with five suckers bave also been described (Gomes), 

The Temperatures at which CyBtdcerd perisfa. 
It is a matt«r of great importance to know what ia the highest 
temperature that diffei'ent bladder-worms caji resist, so as to 
determine what degree of cooking ia necessary to render them 
harmless when encysted iu meat. It was formerly bebeved, from 
inconclusive esperimcnte, that the bladder-worms of beef and pork 
did not perish at 100" C., but Professor Pcrroncito of Turin, in 
a syateauitic series of experiments, the results of which ho com- 
muuicated to Dr. Cobbold, proved that the temperature was much 
lower. The method which he employed was to ioimtrso the free 
cysticerci in water, or a dilute solution of sodium cldoride, and 
to raise the temperature gradually. As the water became warmOT 
they continued moving their suckers and probosoes, nutil when 
a certain temperature was reached they suddenly became motion- 
less. As it was then possible to stain the parasites with an aniUiM 
oolour, there could be no question as to their b^ng dead. The 
time taken to heat the water was about ten minutes iu euch 
experiment. The temperature was raised from 8'-10* C to 
i5'-i&' C. in six to eight minutes, and from 46' to 50" C. in 
about one minute. The following is a summary of Pcrroncito'a 
principal results aud conclusions : — 

1. (7y(rft(Mrrtwcefiu/t«« dies sometimes at 45° C, more frequently 
ut 47° C, aud ordinarily at 49° C. In exceptional cases it can 
rofiist a temperature of 50" C. for a few moments. Hence, if the 
cysticercus be gradually heated to 50° C, and maintained &t that 
temperature for a minute, it undoubtedly perishes. 

2. Cyitieereui lovis pcriBhea between 44 and 45° C, and in uij 
case is unable to withstand a temperature above 46° C 

3. CyntKerau jneiforwia of the rabbit sometimes perishes 
between 45' and 46° C, but usually becomes molionleas at that 
temperature, and dies at 47° to 48° C. 

4. Cyxtie^rus tenuicollu dies at 48° C. 

5. The acolices of Coentirua cerebratw die at 42° C 

7. The seolices of the cysts of Ediinocixinu polj/morphtu uanally 
perish between 47° and 48°, aud never resist a temperature of 
50- C. 

A number of similar experiments were also made with differeiiC 
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species of complete tapeworms. Tsmia cucumerina dies at 43° to 
45 C. ; T, perfoliata of the horse at 45° to 50° C, and T. serrata 
at 50° C. 

From these results Perroncito concluded that ^measly' meat 
is quite harmless when it has been cooked so that the temperature 
throughout is maintained at 50° C. for five minutes. His con- 
clusions were confirmed in a very practical manner by some of his 
pupils, who voluntarily ate some infected meat before and after 
being heated to that temperature, with positive results in the first 
instance and negative results in the second. 

Leuckart points out that in dishes which are rapidly cooked, 
such as sausages and cutlets, the temperature required to destroy 
the cysticerci may not be reached in the interior of the flesh, and 
that this would account for some of the cases of tapeworms in 
persons who have never eaten raw meat. 

According to Ck>bbold the ova of tapeworms do not lose their 
vitality when exposed to the action of frost. From the experi- 
ments of Braim on the larva of the B. lotus (p. 247), and from 
the observations of others on the cysticerci in beef and pork, there 
appears to be little doubt but that bladder-worms can withstand 
a considerable degree of cold. 

Recent experiments, however, have shown that prolonged 
refrigeration is fatal to cysticerci in flesh. After being kept for 
twenty-one days in a chamber in which a constantly low tempera- 
ture was maintained the cysticerci were readily dissolved in artificial 
digestion experiments, which would not have been the case with 
living cysticerci, and no tapeworms were produced when animals 
were fed with the meat which contained them. 

By a recent Prussian regulation (November 1897), the flesh 
of oxen and calves which are only slightly infected with cysticerci 
(t.e., does not contain more than ten living parasites) is allowed to 
be sold under police regulation, provided it has been either^— (1) 
thoroughly cooked, or (2) kept for twenty-one days in a pickle 
containing 25 per cent, of salt, or (3) kept for twenty-one days in 
a suitable refrigerating-chamber, in which the temperature is from 
3° to (at most) 7° C, and in which the amount of moisture in the 
air has not exceeded from 70 to 75 per cent. 

Influence of Putrefaction on CysticercL 

Cobbold* states that cysticerci have been found alive in all 
parts of a leg of pork which had not become putrid twenty-nine 
days after the pig had been killed. In a similar experiment on 
veal the cysticerci were all dead in fourteen days. According to 
Fischoederf they lose all power of development when flesh is left 

* Entazoa, p. 70. f Leit/aden der FUiachbeschau, p. 167. 
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for three weeks, eveo without salting or pickling. Leuckitrt • 
aleo foimd that bladder- worms perished during piitrefHctioa of the 
flesh contaioiug tbeiu. In midsummer they iiecame fiabby and 
turbid in eight days, although in antumn and winter they were 
alive and in motion after being kept for fourt«en days at a tern- 
pentturo of 5° to 8' C. 

Cyadcerd in Ham. — From Leuckart's espenmcnte * it appean 
tbab liam prepared from ' meaaly ' pork is quite harmless, Liunng 
tlie smoking the fluid iu tbe bladder of the scolcs disappear*, 
tlie body becomes turbid, and collapses, and even iu fresh ham 
cystieerci were never found ahve. Eiichenmoister obtained einular 
results in his eiperitueats. Ostertag t states that they alsu 
perish when the meat is kept in brine for twenty-four hours. 



The Ezamiiiatioii of Flesh for Cystieerci. 

The beef and pork cystieerci and the larva of the Bathrioeejihaliu 
Jatug can often be detected by the nuked eye in sections of the 
fleah, but in sausages and other meat preparations the aid of the 
microscope is necessary. 

Kisshng I treats tbe selected ^nrtions of the sausage with a 
dilute solution of potassium or sodium hydroxide (sp. gr. 1*15), 
60 as to isolate the cystieerci. 

Schmidt Mulheim advocates the use of acid pepsin for the snine 
purpose. The flesh is treated with a solution of 100 e.c of 0*5 
per cent, hydrochloric acid and 5 c.c. of glycerin pepsin. When 
cystieerci are present the surroundiug tissue is dissolvei), and the 
heads of the parasites sink to the bottom of the liquid, where thoy 
api>ear like minute grains of rice. 

In order to determine whether the cystieerci which may have 
been found without chemical treatment of tbe flesh are alive or 
dead, the condition of the liquid in the bladder should be noted 
(vi'ie supra). 

As a further test they may be isolated and examined mioio- 
Bcopically by I'erroncito'e method (c/. p. 2-)8), 

The parasite is placed in water in a cell on the slide, the 
tempeiuturc gradually raised to 50° C, and an observation made 
whether any niovomciits occur during the warming. 

Tlie staining test is also a valuable criterion. Tito living 
bladder- worm, and more especially its head, cannot be pemu- 
nentty stained with hiernatoxylin or carmine, whereas the tissue 
when dead readily retains the stain. 
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THE TBEMATODA, OB LIVEB FLXTEES. 

The parasites commonly known as 'liver flukes' have con- 
siderable external resemblance to the isolated proglottides of 
tapeworms. They are flat, leaf- 
shaped organisms, provided with 
suctorial apparatus, and sometimes 
with hooks of attachment. The only 
members of this group which need be 
described here are two belonging to 

the distomata. These have two j.,^, 44 _Co^^^^ Liver Fluke, 
suckers, a mouth, and a digestive Natural size. (Leuckart.) 
apparatus, and the embryos are devel- 
oped in an intermediate host. 

Difltommn hepaticnm. — This is the common liver fluke, which 
was first described by Gabucinus in 1547. When sexually mature 
it is a large, hermaphrodite parasite, sometimes as much as an 
inch in length. Its body is long, flat^ and oval, and covered with 
cuticle studded with rows of spines. The eggs are large and oval, 
and develop in water into globular embryos, which undergo a 
further metamorphosis in the body of the fresh-water mollusc 
(Ldmnxusjj where they become the higher larvas of the fluke. 
These higher larvae, or cercaria^ are colourless, and have a tail 
appendage, by means of which they can swim about in the water. 
After a time they encapsule themselves on an aquatic plant, or a 
stick or a stone, and wait until they are swallowed by a higher 
animal, when they penetrate into the liver or other part of the 
body and become complete liver flukes. 

They are most common in the sheep and ox, but have been 
foimd in many other herbivorous animals, including the elephant, 
pig, hare, rabbit, and kangaroo. In man they d,re also met with 
occasionally, the cercaria having probably been swallowed with 
water-cress or some other plant. On several occasions they have 
become almost epidemic, causing great mortality. For example, 
Leuckart states that, in 1873, 33 per cent, of the total sheep in 
Alsace-Lorraine were destroyed by them; and in 1882 not less 
than a million sheep are said to have perished in the southern 
province of Buenos Ayres from their attack. 

Distommn lanceolatiim. — This is the only other liver fluke of 
common occurrence in domestic animals in this country. It is 
much smaller than the last parasite, being only 8 to 9 mm. in 
length. It has a thin, lancet-shaped body, with pointed ends, and 
differs considerably in its internal construction. It undergoes a 
metamorphosis similar to that of the common liver fluke, and is 
often found associated with it in the liver. 
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Oocaaionally individQala of both kinda of fluke make their way 
iuto the lungs, where they form a hard cyst contaming a dark> 
hrown, turhid liquid, within which the pjinuite oui be ili»- 
linguisbed. They may also become eiicyeted iu other organs, each 
as the Bpleen, or even in the muscles. 

In the stage of development iu which they occur in flcsb they 
are not injurious to man. 

Other Liver Flukes. — A passing referenise amy be made here 
to D. RathouUii, which rcaemblea D. hepatkum, and !uia beai 
found in tlie human subject iu China ; to D. pvlnumale, a thick, 
plimjp parasite found io the lunga of aaimala and men in China, 
Jiipan, and Corea ; to D. cra^gtim, the large human fluke ; and to 
Fiiicicla giganiea of the giraffe. 

THE THICHINA SPIRALIS.*— ThU parasite, which belong* 
to the Neaiatoda, or round worms, \a the only member of the 
order which need be described at length in the present work. It 
was probably firat discovered in 1822, when Tiedenianu uolJced 
certain capsules in muscles which be described ea 'uonoretiotis.' 
In 1833 Hilton came to the conclusiou that these 'concretiotu' 
were of a parasitic nature, a view which was cnnlirmud in the 
following year by Paget, who found the worm in the cyst. In 
1835 Owen named and described it, but it was not uutil I860 
that Zenker proved the connection between the trichina and the 
terrible disease now known as tnchinosin. Finally, ita lite history 
has since then been fully investigated and described by Vlrchuw 
aud by Leuckartf 

Life History of the Trichina. — When an animal eata flesh 
containing living, encysted triehinte, the calaum carbonate iif 
the capsule is dissolved by the gastric juice, and the young 
worms, set free, rapidly grow into adult worms in the Lnt£etine& 
where in the course of a few days the females produce young, and 
then die. These young trichiuaj {embnjoe) penetrat* into tha 
muscles of their host in enormous numbers, and, having chosen ft 
suitable spot, each coils itself up and becomes surroimded with a 
cyst, which in the course of a tew months becomes cnlcifivd. 
Here it remains quiescent until the flesh is eaten, when, liko lU 
parent, it develops into the sexually mature parasite. 

A distinction must thus be made between the intestinal tricbiius 
and muscle trichiniDi the latter being the immature stage of thd 
former. 

Inteitinal Triehinte. — These minute worms have been found or 
induced to live in the intestines of man, the pig, wild-boar, dog 
rat, mouse, calf, lamb, foal, rabbit, guinea-pig, birds, and other 
• From theOttflk «^.J (-lulr). 
i Cobbold, Suiaan Paratila, [>. 31. 
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animals The bod; ib round and thread hke pointed m front and 
blunt behind The mouth opens into a canal leading to the 
(BSophaguB, which la surround^ by a Benes of connected bladder 
like cells containing granular protoplasm These extend more 
than half the length of the body and are known aa the cell 
structure Euchenmeister and Zum* consider that this 




Fio. 45.— Immfttnre Fnoslt Triebliu. x 360. ikftet E, MOcheU.) 

characteristie structure probabl; fulfils the function of glands. 
The cBsophagua is continued into a stomach cavity, which opens 
into an intestinal canal. The organs of generation are distinct in 
the two sexes. 

The full-grown male measures at most 1} mm. in length, and is 
provided with two external booked claws towards the posterior 
part of the body. The female is considerably larger, averaging 
from 3} to 4 mm. in length. The muscle trichina} develop into 
intestinal trichinse in from thirty to forty hours, and in six or seven 
dajt the females, which considerably exceed the males in number,, 
* Die lhieri»ehen Faratiten im Xviuthat, p. tG3, 
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!if('.in III |niiiliii'i' youiii;, niid continue to do so until the sixtli or 
' II thi'y dio. TliQ male triuhinic die at a iuulK 

i.r, — Tlio voiing tricfainm or embryos are bronjrht 
.■iii:i!i' pnvhKinjr winie 1500 or ni'oro. Tlifj are 
iiiui. Id li'Hfrth at tlie time of their birth, but 
lul whon alwit 0-12 to 016 mm. lou^', }nvKe 
iiitc»tino, i>!iM into tlie Iwdy cavity, and thence 
A liitor view * is that tlic feniiile deposit;) tlio 
i!it.'snn;il i-avitT, but in the walla of the iiiti'* 
i> ihi'v jvts* with the Ittuph secretion into thi- 
i- ih'.vi-:ly inirvvhu-cii into the nnisclos. Tbc 
of »itv.,;>rlij^ trichina? art.* mot with in nine to 
■ :V..' i'.-.fi\-::i*n of tlio luist. 

.1.'.' '■■ r-i 'ii*. — Afror the yonng triihinir 

:.■ ::.>■ f'.f.:f.: ;-.-.-.:si".:lar fibres they remain <iiiitt 

.:■ > \:i\i-. ■■,.ys,:-.; ir.:i no iMinpleie their prtiwth, 

■-, \v._::-. ::.;y ivi! thtmMlves into a >yini\ or 

',' . >-...,•,■ i:; ■*:;:,-li :hiy lie becomes a wide. 

■ ■;. ■■ ;:.-■.■. ■■■'.. ..h s i-ys: is cradu^illy fi'rmed, 

, . ^. ::. :r •..::.:■:. »i-:ii :.;-..i l*in^ ci-mpleti-i 
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in length by 025 mm. id breadth. It has a sharply outlined 
double border, and contains a liquid in which are fine round 
granules, and within which the coiled worm can be discerned. 
When the animal in which the trichina is encysted is in good con- 
dition fat cells are sometimes deposited at the extremity of the 
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cyst. As a general rule only one individual is found within a cyst, 
but in cases of strong infection the cyst may contain as many as 
six trichinie. 

After about six months the cyst« become calcified, at first 
towards the ends, and the whole cyst may be enveloped in a cal- 




cartons deposit in the course of sixteen or eighteen months. It 
then appears dark throughout, and the trichina is only faintly 
Tisible or is quite invisible until the calcium carbonate of the 
cyst b dissolved with acid (figs. 47 and 48), 
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Muscle trichina can live encysted in fleab for many years. Fo>r 
example, they have been fouud alive and capable of developiotnl 
11^ years aft«r their first invasion of the muscle, aiid Tangel* com- 
puted that some he discovered alive in buomn muscle most ban 
been encysted for 13 J years. 




At the same time it is probable that the trichina usually dies at 
an earlier stage, its body undergoing fatty or calcareous degenoRf 
tioQ, and the calcification may be so complete that when the 
calcium carbonate is dissolved with dilute acid nothing 
of tho original worm (tigs. 49 and 5^. 



Flo. 19.— DMd caliufitd TrichlDa. 

l^ner LeiuhtTt.) _ ... 

[After IcuetarU) 
Efert of lli« Trichin* on itie Hogf.—ln the pig, which ia I 
animal moet frequently attaokerl by tlie muscle trichina!, i 
symptoms of tho diacaijo are often uol very severe, and the a 
may show no signs of the infection. Only in exceptional cai 
tho worms develop so rapidly that death ensues. In human b 
* EucfaenoMUter aod Zura, loe. t 
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hovever, the results are generallf much more serious, the wandering 
tricbinte causing sharp pains in the miiscles, flaccidit; of the limba, 
fever, peritonitis, paralysis, etc., and, when many of them have 
been eaten, death may rapidly ensue. In some cases, however, 
the acute aymptomB cease when the triohiuiee have become eucysted, 
and the patient may then regun his normal health. 

Number of Trlcbinte in Infected Flesh. 

Cobbold states • that in an outbreak of trichinosis in Cumber- 
land in 1871, the pork which produced the epidemic contained 
upwards of 80,000 trichina in one ounce,and from this he calculates 
that one pound of such Sesh would be capable of producing some 
400,000,000 fleab worms in the subsequent human bearer. 
Leuckart calculated that the flesh of an infected cat contained 
3'25,000 trichinEB, and in another case found 1500 individuals in one 
gramme of flesh. Cobbold also computed the number in the total 
muscles of a man who had died of trichinosis at from 90 to 100 
millioos. 

The DetectfoD of Ttichinta in Flesh. 

Method of Sarn^lvag. — In taking samples from isolated pieces 
of meat such as ham, pieces about the size of a hazel-nut are cut 
out in the longitudinal direction of the muscle fibres, and as near 
as possible to where the muscle is attached to sinews or bones. 

Where the whole animal is being examined, special attention 
must also be paid to the muscles in which the trichina most fre- 
quently occur (p, 254). 

In examining sausages Fischoeder t recommends the cutting of 
four thin slices from each kilogramme and picking out with a needle, 
for microscopical examination, all particles which from their paler 
appearance and finer fibres appear to consist of pig's flesh. 

In the case of American hams the test sections should ha taken 
from the deep-lying muscles. Trichinie are not found in the fat, 

Mieroteopieal Examinaiicm. — For the microscopical examination 
thin sectjons of the samples are made parallel with the fibres. These 
are placed on the object glass, with a cover glass pressed down on 
them, and examined under an amplification of twenty or thirty times. 

Tlte Oomprettor. — In order to make them completely transpar- 
ent, and to examine a number of preparations rapidly, Fischoeder 
advocates the use of a eompraitor (fig. 51). This coosbts of two 
glass plates from 12 to 15 cm. in length and about 3 to 5 cm. broad, 
which fit accurately upon one another, and are connected by 
means of two delicate adjustable screws at the ends. The com- 
pressor is divided into twenty-four equal fields by means of twelve 
* Eaiotoa, p. IM, t Loe. nt, p. I2i. 
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tianavarse lines Od the lower plate, and a, broad opaque band oa 
the upper plate. This apparatus ie not applicable with the higher 
pomcra of the mioroBcope, but serves ita purpose very well with 
the low powers. The various thin sections are placod in lh« 
numbered divisioua of the compressor and the screws gradually 
tigiiteued until the Besh becomes quite tmnspareut. 

Treatiiient of Opaque Seetione.—la the examination of fresh 
juicy flesh, clear preparations are readily obtuined witliout My 
other treatment than pressure. But in other cases ix spwijil 
treatment with a reagent is necessary. Tlius, to driod or 
smoked flesh is added either a drop of an 0'7S per ceut. solution 
of sodium chloride, or of 3 per ceut. acetic acid, or of 30 p«r 
ceut. potassium hydroxide mixed with three parts of wat«C. 
Glycerin is abo somotimea useful in rendering the preparalJoB 
transparent. When a substance reftewbling the trichiju* cyst ia 
apiiearance is found, it should be carefully examined with higher 
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Fio. 51.— Ksdioeder's ComprBwot. 

treatment with acetic acid to dissolve the lime, ia 
rmiue whether a triohiua or parts of a triohiaa an 
hin it. 
of the Fle^ Kith /'e^wnn.— Schimdt-Mulbcim'a method 

j-aticerci {page 250) by treating the flosh with aB 
of pepsb is also applicAble to the detection ot 

ichina^ the cyata falling to the bottom of tlie TiiirrT ; 

lina.' can be detected by means of the Rontgen mj* 

ti pork, are not capable of detection in this way, tbi 

cleas for the practical examination of meat. 

md other bodiM u,hirk wigU be mittaken for TWchiia 

pigs' flesh. But other boilies are froijuently f^n^ 
t sight might bo misU.keu for the cj-ata formed brf 

i>» TuftM.— These immsites wore described on pagtf 
differ from trlchintc eysto in their sliape and in U« 
muscle flbres surrounding them have not lost thd 




B0DIB3 WHICH UAT BE MISTAKEN FOB TBICHINA 259 

TCTtical and horizontal Btriationa. Uoreover the substance contained 
in the Miescher'a tubes is regularly distributed and the calcification 
commences from the interior outwards instead of from the ends 
aa in the trichince cysta. When completely calcified, Mieecher's 
tubes can usually be no longer recognised, whilst the trichina, 
after treating the capsules with dilute acid, can often be identified.* 

2. Tht Muscle Ray-Fungus {' StrahlenpiU'). — This is occasion- 
ally found in the muscular fibres of the pig and in those of the 
sheep and calf It is a 
defined dark body with a 
lighter centre and with a 
radiatmg structure (fig 62) 
yhe Burroundmg muscle 
fibres have a dirty brown 
colour and in places lose 
their croes stnations, or in 
BCTere cases become alto- 
gether disintegrated At a 
later period calcium car 
bonate is deposited The fav 
ounte muscles of this fungus 
are those of the diaphragm, 
paunch, and side. It can be difitinguished from the trichinte 
cysts by ita rounder form, by its radiating structure (which in 
exceptional cases can be made out after dissolving the calcium 
carbonate with dilute acid) and by its size. C/. p. 296. 

Calcium Carhoaate Deponts, — Calcium carbonate is sometimes 
deposited in the muscle of the pig and (less frequently) of the 
sheep. Sometimes the concretions are so small as to be invisiblo 
te the naked eye, while in other cases they reach an appreciable 
size (fig. 63). They may occur in any of the muscles, and may 
be either isolated or in such quantities that the flesh has a 
greyish appearance. They are most frequently met with in 
the muscles of the diaphragm, paimch, and inside of the 
ham. According to Fischoeder t they invariably originate from 
Miescher'a tubes in the cose of sheep, whereas in swine they may 
have been caused by various parasites, such as the ray-fungus, 
cysticcrui, trichinas, echinococci, or itliescher's tubes. 

Ostertag X gives the following notes for distinguishing between 
the calcareous depoeite caused by different parasites : — 

(a) The muscle ray-fungi lie in the muscular fibres, do not 
form capsules, and are arranged like a string of pearls. They are 
sometimes found in the cardiac muscles. 

+ iw. ei(.,p.282. 
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(6) Mieschcr's tubes lie in the muscle 6bre8, which do not loM 
their cross atriation, and have a soft cuticle which is disaolTed bjf 
potassium hydroxide solution. Calcification proceeds from tha 
interior. 

(c) TrichiniB lie in the muBcles. If the parasite died before th» 
calcification, no signs of it may be found on dissolving the calcium 
carbonate with acid, and only the facts that the formation 18 
about 1 cm. long and epiudle-shapod, ajid that the siirrouDdiog 
muscular fibres are altered, point 
to itfi having originated fnun i 
trichina. If, on the other hand, 
the calcification took place aft«r 
the formation of the cyst, the latter 
may be readily identified after 
treatment with dilute acid. 

(d) Cystioerci are invariably 
larger, lie between the fibrea, i 
have an eiterior envelope of c 
nective tissue, and in the older 
parasites the hook and calcini 
deposits in the parasite can bfl 
observed. 

{f) Echinococci are very rardy 
met with in muscle, and only frhm 
the interna) organs are aUaaglf 
affected. They lie between 
muscular fibres and vary greatly in 
size. They are distinguished from 
the eysticerei by their so-callAd 
' erjtinococcut »Hn' with its obar- 
acteriatic markings (p. 242). 

(/) The deposition of crystals 
which are occasiooally foond ii| 
emokod pork or ham is not due to the presence of parasites but 
to pnrely chemical alteration. Under the microscope they appow 
as irregular masses which extend over several muscular fibrM 
(fig. 51). They can be diatinguished from the calcareous deposit! 
originating from parasites, by the fact that they are soluble I 
dilute solutions of potassium hydroxide but not in dilute aoid. 

Tijro*me Drpotilt. — Occasionally a deposition of tyrosine ha 
been observed tn ham. Schmidt'Culmbacb * records a recent 
instance of this in which the flesh contained nun 
accretions from 1 to S mm. in size, deposited on the fibres. 
Tliey were found to consist of tyrosine, 

• Zta. FUitA «. JtfifcA. Eyg., 1898. 8, p, 150. 
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Mtude Distomam. — This is a paraaite very mrely met with in 
pork. It is of extremely soft consistency and of a greyish colour 
and is about the Bame size as & trichina cyst, from which however 
it is distioguisbed by lying between the muscular fibres. Morc- 
orer, on warming it moves vigorously. Under a microscope its 
internal structure can be made out. According to Fisohoeder * 
the preaeuoe of thiti organism is without significanoe in flesh. 





The Temperatures at which Tnchmee Pensh. — Ferronoito in 
ihe course of his eiperimenta on cjstic rci (p "ib) made a aimilar 
roBCwroh on the power of trichinie to resist heat, and found that 
B every case the parasite, whether in the free state or encysted, 
ishod when exposed to a temperature of 48 C For five muiutea. 
. the other hand it appears to be able to withstand a low 
mperature, for, at least, some considerable time Thus Kuchen- 
siater aud Ziim state that tnchmm have been found ali^e after 
e flesh liad been kept frozen foro\or tno months,! and Leuokart 
ind that they were little injured after cspoauro to a temperature 
- S6' C. for three days. 

' Lee, TtL, p. 233. 

t IM« (AitntcA^n PurasiUn im Mattchai, p. 4'2. 
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The Sestruction of Tridmiffi in Fleeh. — {a) Cooking. — Froin 
PeiToncito's eipcriments it appears that in order to render iiif« 
flesh hanuksa it should be cooked, so that a temperature of 
\Q&a than 60° C. is maintained throughout eveiy portioD of \h€ 
meat for not leas than five minutes. 

KiicheDmeister * made a number of experimeats to dGt«rmiii« 
nhat is the temperature ordinarily reached throughout the wbol* 
piece during the cooking of various kinds of meat in the ordinary 
way. He obtained the following results : — Broiled fiesh, 60' C j 
roast sausage, 625° C. ; boiled beef, 875° C. ; beefsteok (2), grilled^ 
5C-3°C. andBT-e'C. ; cutlet, 62-S'' C. ; roast pork (middle of joinl^ 
65° C. ; liver sausage, 90* C, and blood sausage, 90° C. 

Ferronoito examined stUl more thoroughly the temperature* 
reached during cooking,t and of the large number of experimenU 
which he carried out the following may be given as typical :— 

i. A piece of veul (7 em. by 25 cm.) hud a tcinperaturt) of 
S3° C. in the centre after being boiled for ten minute*. 
After being boiled for twenty minutes the temperature* 
in different central parts were 63', 65*, and 66' C. 
ii. Beef {8 cm. by 10 cm.) placed in boiling wat«r had 
after twenty minutes, a blood-red centre in which tb* 
temperature was 47* C. After thirty-five minutes tht 
temperature in the interior was 68° to 70° C. 
iii. A ham of about 6 kUos. in weight was placed in cold water 
and boiled. When the water boiled tlie temperature io 
the interior of the ham was 25° C After thirty-fin 
minutes it was 3S° to 40° C., and after two hoars tha 
temperature in difTcrcnt parts of the interior were 46*, 
65°, 58°, 62% 64*, and 67- C. 
iv. A ham of about 8 kilos, treated in the same way showed an 
interior temperature of 44'5° C. after two and i 
hours. After three and a half hours the temperstuns 
in different central parta were 62°, 65", 74^, 7R'5*, and 
84° C. Hence it is evident that when an ordinary -auted 
ham is cooked for three to three and a half hours, a t 
peraturo is reached in every part which is more ti 
sufficient to deetroy any trichiuie. 
The danger of insufficiently-cooked flesh is shown by Kithn^ 
experiments, in which ptga were fed with partially-cooked poric 
containing trichinae. A piece of about 4 potmds was boiled for o 
hour and thirty-nine minutes, and the pig to which it had be 
given was killed some time afterwards. Only very few trichiim 
were found in its muscle. In another experiment 4 j pounds of tl 
infected flesh were boiled for two hours and fifteen minutes at 
* £m>. eil., p. Wi, t EUoheamalstcr, loe. HU, ^ 403. 
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given to a young pig, in which subsequently only one trichina was 
found in 270 test samples taken from its flesh. 

In the outbreak in Cumberland (p. 257) Cobbold * states that 
the source of infection was a home-fed pig, the flesh of which had 
been made up into sausages, which were eaten when only imper- 
fectly cooked. Three members of the family were attacked with 
trichinae, but all subsequently recovered. 

(b) Salting, — Attacks of trichinosis after eating salted meat are 
very rare. Konig t suggests that there is probably a process of 
double decomposition between the salt and the calcium carbonate of 
the cyst, with the formation of calcium chloride and sodium car- 
bonate which dissolve, so that the parasite is exposed and perishes. 

Kiichenmeister J states that strips of infected pork, after being 
salted and placed in a vessel of water for a short time, contained 
no living trichinae. 

Leuckart § asserts that if infected flesh is rubbed with salt and left 
without water for four weeks, dry salt being rubbed in at intervals 
during the pickling, it will contain no living trichinae at the end 
of that time. 

On the other hand, Gerlach J found living trichinae in imperfectly 
salted flesh after eight weeks. 

In Eckart's quick-salting process (<•/. p. 107) any trichinae that 
may be present are completely destroyed. 

Lehmannll states that in the ordinary method of salting, 
trichinae perish in the upper layers (2 to 3 cm. deep) after some 
weeks, but that in the interior of the ham they have been found 
alive two months after salting. 

(c) Smoking. — Cold smoking of flesh, or the so-called * quick 
smoking,' is ineffectual as a means of destroying trichinae. But 
according to Kiichenmeister,ir hot smoking, if properly carried out, 
destroys all parasites. Thus, in the case of ham, no trichinae were 
alive after ten days' smoking in a hot chamber, and the same result 
was attained with sausages after twenty-four hours' hot smoking. 
Lehmann ** states that in well-smoked hams, such as Americau 
hams, they are usuallv dead. 

Influence of Putrefaction on TrichinsB. — Trichinae appear to 
have much more power of resisting the effects of putrefaction than 
the cysticerci have, and have been found alive after 100 days in 
decomposing flesh. 

Occurrence of TrichinsB and of Trichinosis. — During the flrst 
six years after the trichinae were known as the cause of trichinosis 

* Sntoxoa, p. 169. t Nahr. Oenussmitt., it p. 96. 

t Loc, eU.f p. 470. § Die menschlichen FarasUcn, 1st ed., p. 598. 

I! Methods ofPtadieal Hygiene. 

H Loc, aJ., p. 471. •• Loc, cit. 
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(1860-1865), no less than twenly-eii epidemics of the disease were 
recorded in different parts of Oennany. Muscle trichjiue appear 
to be fiurly common paraeitea in pork, though owiug to the 
inspection of flesh in some countries, and to the usnally thoroueh 
cooking in others, outbreakii of trichinosis do not now occur very 
frequently. According to Kitchenmeister,* from 6 to 8 per oent. 
of the pigs alnughtered in America are infected with trichinae, and 
yet trichiuoais is veiy rare in that country. Iii Gerauuiy, the 
preraleut custom of eating raw bam must be held ocoountabls 
for many of the outbreaks of the disease, and the microscopical 
examination of the flesh by inspeotoiB, however thoroughly carried 
out, afiords no absolute certainty that the meat is free fnicn 
infection. 

C. Bockelmaun t calls attention to the large number of infected 
eausagoa imported into Germany from America, and the necesuty 
of having them more thoroughly inspected. He mentions seTeral 
oaaea that have come under his personal notice io Aachen. Oiie^ 
for example, in which a consigumeut of uixty cases of sausages was 
received, in which eleven cases contained sausi^os in which were 
trichiuEB. In consequence of this and similar instances, the sale of 
American sausages in Aachen lias completely ceased. 

tMelmann [ states that the pigs' hvera imported into Dresden 
from America or Denmark frequently contain trichina. In the 
year 1896 four hvers out of 2023 were found to be infected, lo 
each case, however, the jiarosites were dead, probably owing to tbo 
action of the antiseptics used to preserve the flesh. 

; Ilrid., p. St. 



CHAPTER XIIL 

TEE BAOTEBIOLOaiCAL EXAUINATIOK OF FIESH. 

Bt means of a bacteriological examination it ia often possible to 
supplement the information to be obtained from a t^emical and 
microscopical examination of flesh. Thus, in certain cases in 
wbicli the meat a disooloured, the morphological and biological 
characters of the micro-organisms present may enable one to 
determine the cause of the discoloration. Similarly the deter- 
mination of the number of organisms in preserved meat or 
sausages may enable one to form a judgment as to the wholeaomenesa 
of a preparation, as, for example^ when the characteristic bactetia of 
putrefaction {B. prateua vulgarU, etc.) are found in large numbers. 

On all fresh meat numerous organisms will be found, some of 
which produce innocuous products, while others are harmless bo 
long as they have been unable to decompose the flesh to a 
sufficient extent to form those poisonous pnxlucts which, when 
absorbed into an animal's system, cause saprmmia, or 'putrid 
intoxication.' 

The Spedee of Bacteria on FlealL — The various forms of 
bacteria may be classified into three groups — badUi, micrococci, 
and spiriUa, the different varieties of which are shown in fig. B6. 
Representatives of all these may be found in sound or diseased 
flesh. For the description of the nature, properties, and various 
systems of classifying bacteria, and for general methods of sterilis- 
ing, preparation of culture media, etc., the reader is referred to 
one of the general treatises on bacteriology. 

BictfliicMogkal Hethoda of Examining Flesb.—Preparafion of 
Tittue Seetioni. — Small pieces of the Sesh are hardened by immer- 
sion in alcohol for three or four days, or in Miiller's fluid (potassium 
bichromate, 2 parts; sodium sulphate, 1 part; water, 100 parts) 
for a fortnight or more. When hardened the alcoholic prepeira^ 
tions are soared in water ; those hardened in MUUer's solution 
simply dried on blotting paper. 

Before cutting the sections it is necessary to embed the tissues. 
Paraffin or oelloidin are suitable substances for embedding. 
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EmheJdinff itt Parajin. — The hardened tissue U dehydrated by 
buiug Hteeped in alcohol for two to sii houra. After the &lcohol 
has heen reitioved by means of turpentine, benzene, or xylol, Ute 
tissue is immereed in melted paraffin (m. p. about 60' C.) just 
before it begins to set. When cold the sections are uut^ the paniffin 
removed by means of tur[>entine or xylol, the xylol displaced by 
alcohol, and the aettion washed with water and stained. 




VC; . 



;-\ 



.f^ ^ 



Fio. 66,— Bw;[«ri». (AftcT Btwrngiaie*.) 
a. Corei ; b. Diploeocci ; e, Tetncooci ; d. Sareinis ; t. Bacilli ;/. Spirilla i 

C, Bacteria with Bpores; A, Bicleiia iritli flagella; ■', Zoogleoi; j, Btaphy- 
Kiooci ; k, Sireptococci. 

Embedding in Celloidin {JVitnxfllvio^e), — The hardeocd tiwu* 
ia left for one or two days in a miitiire of equal volumea of alcohol 
and ether. It is then steeped in a dilute solution (in ether and 
alcohol) of celloidin, and then transferred for tsome time to a solo- 
tion of about the consistency of a syrtip. It is next placed in a 
small porcelain oruoible and covert with the oelloidiu solution. 
The crucible is immersed in 80 per cent, uloohol for twenty-four 
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lhoiirB,afterwliichtlieeml>edded tissue is cut out, placed in water till 
lit einlcs, then transferred to gum, frozen, and cut with a microtome. 
I Stction Cutting, — A aimple and convenient apparatus tor cutting 
I « smaU number of sections is shown in fig. 67, which represents 
f Banvier'B Hand Microtome. 

In this the embedded tissue is gradually raised by means of tho 
screw beneiith, and the successive sections cut with a razor. 

Swift's Freezing Microtome {fig. 58) is an instrument in general 
use. Ether is u^d as the freezing t^nt with it, 




Fio. 57.— Eaayiar'a Microtome, {Stirling.) 

Methods of Stainimj Tissues. — The thin sections obtainoil ns 
described above may he stained by a number of methods, of which 
' two of the best known are those of Gram and of Weigert. 

Gram's Method in Oatline. — (1) Aniline gentian violet, 10 

nimitea. (2) Iodine solution (I, one part; KI, 2 parts; water, 

I 100 mrts), 30 seconds to 1 minute. (3) Alcohol until decolorised. 

(♦) Eosin solution for 3 mmutes. (5) Rinse in alcohol. (6) 

J Oii of cloves for 3 minutes, (7) Mount in Canada balsam aft«r 

I removing the oil with blotting paper. 

Weit/arl'n Method. — (1) Immerse the sections for 6 to 18 hours 
I in a 1 per cent aqueous solution of a basic aniline colour (methyl 
lolet, gentian violet, fuchsin, Bismarck brown). (2) Waah with 
' water. (3) Pass through 60 per cent alcohol into abunlutc alcohol 
' until nearly decolorised. (4) Stain witli Weigert'a picrn-carmino 
. tolution for 30 minutes. (5) Water. (G) Alcohol. (7) Clove oil. 
■ (8) Dry on filter paper and mount in Canada balsum, 

Deterxninatioii of the Number and SpedeB of Micro-organlBms 
in PleBh.— A weighed fragment of the flesh is thoroughly mixed 
with 50 c.c. of sterilised water, or nutrient fluid, and [date 
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cultiTatiooa mode vitb definite quantities of the liquid. The 
number of colonies obtained are oounWd by one of the ordinary 
bacteria counters, 

In order to determine the nature of the bacteria the different 




Jig. 68.— Swift's FfM«ing Microtoma. {Stirling.) 



speciea are isolated by sub-cultiTatiooH of the colonies. To eulti- 
vale anaerobic bacteria the cultivations are made in the depth 
of gra.pe sugar, gelaUn or broth, which are inoculated below the 
surface by means of a capilla^ pipette, the te§t tube conlaiuing 
them being subsequently sealed with paraffin. 
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DeBcrq>tion of the more important Bacteria of Flesh. 

The Bacteria of Kormal Flesh. — Many of the numerous species 
of micro-organisms which have been isolated from fresh and pre- 
served meat and fish are identical with the bacteria often met 
with in putrefying meat. Kraus * made a number of investiga- 
tions as to the nature of the bacteria present in raw beef, veal, 
and pork, not less than twenty-four hours after the death of the 
animal. He found that the number of species present, as well as 
the munber of bacteria, increased with the age of the flesh. In 
one case he found fifty-one kinds on the outside of the meat. 
Five species were constantly met with. (1) A bacillus resem- 
bling B. coli communis ; (2) a similar species in smaller numbers ; 
(3) a species which, on cvdtivation, formed a superficial growth 
with characteristic wrinkling ; (4) a bacillus resembling B. subtUiSj 
which, cultivated on potatoes, formed a reddish-yellow graniilar 
layer ; (6) a bacteriimi forming a brownish-yellow growth. From 
the resulta of his experiments Kraus came to the following con- 
clusions : — 1. Different kinds of flesh do not have special species 
of bacteria. 2. The number of species varies with the time of 
year. 3. In those cases in which the injection of juice from 
putrefying flesh was fatal to mice, the same bacillus was found in 
the organs of the mouse as in the flesh juice. 4. This bacillus 
appears to be identical with Gartner's B. enterttidis, and is not 
pathogenic in fresh flesh, though it becomes pathogenic in the 
presence of saprophytes. 

According to Gartner, meat which is three days old only con- 
tains bacteria on the outside ; after ten days, when putrefaction 
has set in, the bacteria are found to a depth of 1 cm., but the 
blood-vessels are free if the animal was healthy when killed. 

Bacteria in Sausages and Smoked Flesh, — A. Serafini t made a 
bacteriological examination of a large number of sausages, and 
found in dmost every case a bacillus which, from its appearance on 
cultivation, he concluded to be identical with Fliigge's B, mesen- 
terieus vulgatus (cf, p. 275). In his opinion this was derived from 
the sausage skin, and not from the meat. In addition to this 
bacillus, others of various species were found, some of which were 
inert, and others so active that they completely decomposed the 
sausage in a few days. 

Deetjen \ made quantitative determinations of the number of 

* Jdkresber, Nahr. u. Oenusam,, 1891, p. 87. 

t Ibid., 1892, p. 44. 

t DiBserUtion, Wttrzburg, 1890. 
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bacteria in Lyons sausage, and found the following numbers in 
1 gramme of the meat before and after boiling : — 

Raw, fresh, ..... 1,894,000 

After four days, raw, .... 6,654,000 
After boiling for fifteen minutes, . • 61,000 
After boiling for thirty minutes, . . 9,000 

Sausages obtained direct from the maker contained from 324,000 
to 448,000 bacteria per gramme in summer, and from 14,000 to 
37,000 in winter. 

In old * Cervelat ' sausage the numbers found amounted to 5^ 
millions. Among the species found was a spore-bearing bacillus, 
with a strong resemblance to B, mesentericus mUgoUtts, 

In twenty-seven different kinds of fresh sausages and other 
iiesh products which Schattenmann * examined, fourteen were 
found to contain B. proteus wJgaris, It was also found alive 
together with large numbers of other bacteria in smoked sausage 
and smoked flesh. Schattenmann agrees with Beu and with 
Ungaro that smoked bacon is free from bacteria inside. In Ham- 
burg smoked beef, in * Cervelat ' sausage and in ham (in the fat 
as well as the lean) he found several species, including B, proteus 
vulgaris on several occasions. 

Among the bacteria from various kinds of smoked flesh, Beu t 
identified B. proteus vtUgaris, Staphylococcus cereus albus, Staphylo- 
coccus j^yogenes aureus^ and B, lique/actens viridis. 

Chromogenic Bacteria of Flesh. 

There are several well-known bacteria widely distributed in the 
air, which form different-coloured pigments as products of their 
development on a suitable medium. Some of tbem do not, as a 
rule, grow readily on flesh, probably owing to the antagonism of 
other bacteria, such as those which commonly bring about putre- 
faction. Occasionally, however, these may fall upon the meat in 
such numbers as to obtain the upper hand, and so impart the 
characteristic colour of their pigments to the meat. This is 
notably the case with the Bacillus prodigiosus, which is not of 
very common occurrence on meat. 

The chromoj^enic bacteria of flesh may be grouped according to 
the colour of their pigments. 

Bacteria producing Bed Pigments.— J5. prodigiosus, — Bordoni- 
Uffrazi J records an instance in which the public health oflSoe in 

• ZeU. Fleisch u. Milch Hyg., 1898, p. 189. 

+ Sternberg, Bacteriology^ p. 691. 

X Zeit, Nahr. UiUenuch., 1894, p. 219. 
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Turin received a half-cooked hen which had assumed a brilliant 
red colour in the night. On examination it was found to be 
infected with this bacillus. 

Klein * mentions a similar instance of infection by this bacillus. 
In this case the whole of the flesh in a city establishment (beef, 
mutton, and fish) became red. The larder which contained them 
overlooked a churchyard in which the graves had recently been 
disturbed. 

B, prodigiosiu ia a short baoillns with ronnded ends. It occasionally forms 
filaments, sometimes resembles a micrococcus in form, and is frequently met 
with in pairs or in chains of ton or more. It is aerobic and facultatively 
anaerobic, usually non-motile, and liquefies gelatin. The pigment, which 
is an excretory product, requires oxygen for its formation. It is soluble 
in alcohol and ether, but insoluble in water. Acids chant^e the colour to 
pale red, which, on the addition of alkali, is reconverted into the original 
colour. The pink coloration is only observed en masse and not in an indi- 
vidual bacillus. The micro-organism grows best at a temperature of 20° G. 
It ocouTS in air, water and soil. 

BaciUus of * Bed Cod* (Dantec).— Found on dried salt cod which had 
turned red and had an offensive odour. A bacillus with rounded ends, 4 to 
12 fk long, usually with a terminal spore. It resembles the B. tetania but is 
considerably thicKer. Grown on dried cod it forms circular reddish colonies. 

Micrococcus of DarUec. — Another micro-organism isolated from red salt cod 
by Dantec in 1891. It is 3 to 6 /x in diameter, and often shows a line 
of commencing division. It is aerobic and non-liquefying. Grown on 
gelatin plates it forms small red disc-shaped colonies which rarely exceed 
1 mm. in diameter. On dried cod-fish it grows without the production of a 
red pigment, except when certain other bacteria, notably a micrococcus 
whicn causes liquefaction, are simultaneously present. 

Bacillus on Sardines. — This was found by Auche on the sardines, to which 
it imparted a bright red colour (r/l p. 11.5). 

Bacteria producing Blue, Violet, or Green Pigments. — Bacillus fluorcsccns 
liquefacicns (FlUgge). — Very common 'in putrefying infusions of meat. Short 
bacilli occurring in pairs. Liquefying, motile, aerobic. S[)ore formation not 
observed. Grown on gelatin plates it produces a green fluorescent pigment. 
In stab cultivations it forms a white growth along the line of inoculations. 
Liquefaction takes place in the upper part of the tube and the gelatin 
assumes a greenish-yellow fluorescence. On potato it forms a thick Drown 
growth. 

B. pyocyaneus (Gessard, 1882). — One of the organisms found in putre- 
fying animal matter. A very small thin bacillus, 1 fi long, 0*3 /x broad, with 
rounded ends, frequently in pairs or in chains of 4 or 6, and occasionally in 
filaments. Spore formation (Crookshank). Does not form spores (Sternberg). 
On gelatin plates forms white colonies, liquefies the gelatin and imparts to it a 
fluorescent green colour. The ^reen pigment, which is only formed in the 
presence of oxygen, is soluble m chloroform, and can be obtained in blue 
needles from the solution. Acconling to Gessard (1890) the bacillus produces 
two pigments — one fluorescent green, the other blue (pyocvanin). On potato 
it forms a reddish-brown growth, which becomes green with ammonia. It is 
pathogenic to guinea-pigs and rabbits. It perishes at a temi>erature of 
66" C. 

* Micro-organisms and Disease, p. 200. 
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B. jatUhiiau (Zopf). — A patreractivs bacUIaa. SmaU slender toJs >ith 
rounded ends, S^ loDg snd D'6 to 0-0 ^i, broad. Sometioieg rormsGJsmeDU. ll 
IB motilB, and ItqaeHea gelatin. In aCsb cnltiTations grown vithout the pro- 
iluct ot pigment along the liue of panctore. bat forms ■ thin Tiolet layer oa 
the aurEies. On agar-ngar it produces a laver of a dark riolet oajour. It 
grows in milk without cauaiug ooB^atton, but the liquid turns violet It 
reduces uitratea to nil rites ler; rapidly. 

B, erytinxijionia (Eidam). — Found in pntrafying infusions of meat. A 
slender bacillus with rounded anda, which often develops in short GUmeDt*. 
It is aerobic, motile, saJ noa-liqaeryiog, and proJucea oval sports, each 
filament containing &om 2 to 8. In cultivations it forms a greeniah -fellow 
(luorBsoent pigment. The colonies fonnctl on gelatin plntes are whit* tnd 
wriiikleit, and the aurrouDdicg gelBtin fluarctcrs greenUh-yellow. The 
growth an potato is reddish at iirst, but suhieqnently brown. 

The BacilluB of Grey Flesh.— CaacB have been obeeri-ed in 
which fleah has assumed a grey colorattnn, usually after being 
made up into sausages. FaJk and Opfiennniiu * fnnnil Uint in the 
latter case it was caused by bncilli on the interior of the sausafe 
ekins, and could be prevented hy previously treating these with 
potassium pcrmangHiiate. 

The Bacteria of Fhosphorescent Flesh. 

The phenomenon of the spoutancous emisBJoD of light by fisli 
and meat has long been known, and many curious iustunces are 
met with in old literatura According to Lemeryt it wna of 
frequent ocourrence in Padua in 1492, and in the enrly port of 
last century became almost epidemic in Orteaus, nuiny butchcn 
having to destroy their meat wholesale, owing to their c\i&tcim«ra 
refusing to buy it. A similar outbreak of phosphorescence on 
meat in Orleans occurred in 1870. In 1676 & Dr. Beale, of Yeovil, 
in Staffordshire, recorded in the Transactions iif the Rot/al Soetety 
an interesting case in which a neck of veal suddenly became phos- 
phorescent "and shined so brightly that it did put the woman 
into great affrigbtmeiit," and mentioned as a possible ciplanation 
of the phenomenon that the weather was very warm and mild and 
the &tnuts very bright on that evening. The veal was cateu on tbo 
following day without any ill effects. 

Isolated instances of meat of every kind and of sausages bfr 
coming luminous are continually being recorded, many of these 
originating from the meat having been kept in the same larder aa 
herrings or other marine Gsb, on which phosphoresce at liocteiia 
are of very common occurrence. 

Ill 1800 a Dr. Hulme mode a number of exponmeuts to deters 

mine the cause of the phenomenon, and came to the following 

conclusions; — (1) It is not due to putrefaction, since phoephoi^ 

• DmtitK FleUch ZtU., 18B2. t Lrnitry, Of ChmUtm, 1720. 
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escent meat has no offensive smell, and the luminosity decreases 
with the advance of decomposition. (2) Spontaneous light is a 
constitutional principle incorporated with the whole substance of 
certain bodies, and is probably the first principle which escapes 
from the body after the death of marine fishes. 

In 1877 Niisch detected bacteria on phosphorescent meat, and 
in 1879 C. Baucel and C. Husson show^ that the light emitted 
by a phosphorescent lobster was due to bacterial action. Since 
then many species of bacteria causing phosphorescence have been 
discovered, some of them being widely distributed. 

The temperature has a considerable influence on their powers of 
luminosity. Ludwig found that although phosphorescent meat 
remained luminous when cooled to -14'' C, it ceased to emit 
light when warmed to between 20** and 30° C. But there is a 
difference in the behaviour of different species of bacteria in this 
respect. Thus, for instance, B, indicm thrives at 30° C, but will 
not develop below 15' C. 

The light emitted by cultivations of the different species varies 
in character and intensity. In some cases it is bluish-white, and 
in others greenish-yellow. Ludwig, who examined spectroscopi- 
cally the light produced by one species, found the spectrum to be 
very rich in violet rays. Fischer, too, succeeded in photographing 
a colony of B. pfiosphorescena indicua by its own light, using a 
very sensitive plate, and giving it an exposure of twenty-four hours. 
The presence of oxygen is essential for the production of lumin- 
osity in cultivations, for, although some of the bacteria can readily 
be grown ana^robically, the colonies do not emit light. Cultiva- 
tions made in the dark are phosphorescent, so that sunlight docs 
not appear to be an essential factor. 

Lehmann and Tollhausen suggest that the production of light 
is a vital process of the bacteria produced l)y internal molecular 
change within the cell, and this view receives some support from 
the fact that all chemical agents (acids, alkalies, etc.) which 
destroy the protoplasm of the cell, simultaneously put an end to 
the phosphorescence. On the other hand it is not improbable 
that the phosphorescence originates from an excretory product of 
the bacteria. And it is interesting to note in this connection tluit 
Dubois * extracted from the mantle of the luminous mollusc Pholaa 
dactylus two crystalline phosphorescent compounds, one of which 
he named lurif erase. 

The principal phosphorescent bacteria which have been isolated 
are: — 

B, phosphoreacens ffdidus (Forster). — Short rods with slightly ronnded 
ends, aboQt three times as long as broad. lo old cnltivatioDS more nearly 

* CamptesKend,, 1887. 
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oval. On gelatin pistes Tonn round grevish coIoDiei Titb orun a jtllovub- 
graeQ tint, Atrobic and non-liqueljing. Grown on potato they fonn • 
broad whits isyer. The cattivatiaui emit light lietweeu 0" tnd 20" C, tin 
phosphorescence ceasing at Si" C. 

B. orgcntea-phosphorexCTis, No, 1 (K»ti).— Thin bMUli itilb {iMlitcd 
ends, 2'fift long and O'Sk brood, occurring singly or in juiiTi, and occaaionalljr 
in loDf; SlamentH. Aerobic, motile, and ooD-fiqacfjing. Spore fomiatiaa 
has not been observed. Farm pale yellow coloitles, emitting a silvery -while 
light. The pbosphotescence depends oD the Xitewnce of e*It in the cnltira- 
tion and on the Iree acceas of oiy gen. 

B. aTgentro'phtisphortximt, No. 2 (Katz). — Isolated from fish in Sjdn«7 

market. BaoilH with rounded ende, 27 /^ long, 0'S7 ^ broad, oecatiopkltf 
in sliort filamentK. Non-motile. non-Iiqaefjing, arrobii!. Spore formalion 
not obaerved. Form pale jellow colonies, emitting a silTerj.while pbca- 
phorescence. 

B. nrgenl"'-}<h/ur/ihirn<i-i-nj<, No, 3 (Kati).— Isolated from pboBphore*e«at 
oattlefish. Rgseiuble No. 2, but the rods are thinner and ar* moUJr. 
Krequeutly occnr in pairs, and sometimes in short Qtameuta. Airnbic and 
noD^iqaerying. Foru a riiioous fellow growth ou steriliied &A. The Ugbt 
emitted is ' bluisk-erveDish while.' 

B. fmaTagditut-jSiMfihurtxeus [Eatz, 1S91). — Bacilli with pointed ends, 
2 fi. long and 1 ^ broad, occurring singly or in pairs, and in old cnltitatioDi 
assuming the form of cocoi. Aerobic, uoa-HqDefying, and non-motile. Span 
furniation not observed. On gelatin plates form grajiah-white colonies which 
emit an emerald-green phoaphonscsne. 

B. rjin-iirji-iituajitvire^^xi (Eatt). — Bacilli with round ends, 2'S ^ _ 
and 1 fi tbick, oconning Hlnsly or in pairs, and occasionally in long filam^ntii^ 
Very closely related to the B. phosvhoresang of Fischer. Aerobic and ^ul> 
tatively anaurobic, non-motile, and liqaefying. Stained b; Gram's method. 
The snrfMB colonies on golatin plates are pale yellowiah'green. On »terilis«d 
fish the tpowth is glistening yellow or pale dtowh. lliere ie no growth 

B. aryrnU-i-jiluayhoraictiis liipie/iicimt (Kati). — Straight or atif^tly: 
cnrvr'd rods with round ends, 2 ^ long and U'3 ^ broad, Sometimes foni" 
titameDts. Aerobio and lacoltitirely anacTobic, non-motile, and lique^iiig 
On gelatin plates form light brown coloolea. Grow on atsriliiied Bab M i 
shiny, viscid, yellowish, grey layer, emitting a silvery phosphoreeceuea, DO 
so intense as that of the preceding spi<cies. No grovth on iiatato. 

B. phosiiliurefceaa indicia (Fischer). — Bacilli with round or pointed rndi 
from two to three times aa Iour as broad. Adrobic, motile, and liqulj 
■ iig. Frodoce grevish-white cuonies on gelatin, and a thin, broad, whil 
layer on potato. Found by Fischer in the water of the Gulf of tteiico. 

S. pliBiip/uiraieinu iiuligFnia {Fischer}. — Bacilli I'S ^ long and 0'4 1 
07 fi, broad, ooonrring singly, in i),iirs. and in HUmeuts. On gelatin plali 
form circular, greculafa colonics, bocomiug yellotFish at a later stage. K 
growth on jsitato. 



The Bacteria of Putrefaction in Meat. 

The mioro-organisiDa which nre capable of breaking down tb 
rijiistitueiitB of fluuh Into simpUr subatancua art' extrnaiol; 
iitimcrotiH, mid the epeclea which may be mm with in any givta 
cusu of putrcfautiuu will dc[>eud lai^cly on tlie length of titn 
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which has elapsed between the death of the animal and the 
remoYal of the intestmes, as well as on the development of species 
derived from external sources. After death, bacteria normally 
present in the intestines penetrate into the abdominal cavity, and 
eventually, by way of the blood-vessels, into all the tissues. At 
the commencement of decomposition several species of micro- 
cocci and large bacilli are usually met with, bat these subse- 
quently give place to short motile bacilli of a more aerobic 
character, which were formerly grouped under the title of * bac- 
terium termo.' 

The following bacteria have been isolated from putrefying meat, 
and one of them (B. proteus vulgaris) is believed by Hauser to be 
the special organism of putrefaction. 

B, enterUidis (Gartner). — Isolated in 1888 from the flesh of a cow which 
bad caoaed fittal illness. It was also found in the spleen of the dead patient. 
In form it is a short, thick, motile bacillus with rounded ends. Spores are 
not Imown to occur. On gelatin it {produces a greyish film without liquefac- 
tion. Gartner never found this organism in the flesh of freshly-killed animals. 
Experiments with sterilised broth cultivations proved that the tozine formed 
by the bacillus was very virulent. 

B. meaerUerieus vulgatus (Fltigge). — 'The Potato bacillus.' This is very 
widely distributed in air, dust, and on the surface of the potato. It was 
found by Seraphini in decomposing sausages. It is a thick oacillus, 1 '2 ^ to 
8*6 ^ in length, often occurring in pairs or in chains of several individuals. 
It is aerobic, liquefies gelatin, and forms spherical spores. Grown on gelatin 
pUtes it produces at first bluish, almost transparent colonies, with subsequently 
opaque white centres. In stab cultivations liquefaction occurs along the line 
of inoculation, while a greyish- white wrinkled growth is formed on the sur- 
hoe. When erown in milk it coagulates the casein, which is afterwards 
dissolved, and floats as a thin layer on the surface. 

B. mesetUericus/uacua (FlUgge). — A small, short bacillus, which occurs singly, 
in pairs, or in chains. It is motile, and forms spores. The colonies formed 
on gelatin are circular, and at first dirty white, subsequently becoming 
brownish-yellow. Liquefaction takes place rapidly. 

Micrococcus foBtidxia (Elamann).~Cocci 1*4 ^b in diameter. They occur 
singly, in pairs, in chains, or in irregular groups. Grown on gelatin plates 
they form white colonies, and lique^ the gelatin. In stab cultivations they 
grow as a white shining mass with a central prominence, surrounded by 
cbnoentrio circles, liquefaction being slow, and a disagreeable odour pro- 
duced At a later stage the growth acc^uires a brown colour. On potato 
the growth has a greyish-red colour, and its surface is rough. 

B. eoprogenea fodidua. — Disoovered by Schottelius (1885). It is a 
non-motile bacillus with rounded ends. Forms spores which are oval and 
arranged in rows, when there is free access of air. In gelatin stab cultiva- 
tions forms a grey layer on the surface and pale yellow colonies along the 
line of inoculation. When grown on potato forms a dry, greyish layer 
0*6 m. thick. In small quantities is non-pathogenic to rabbits and 
mice. 

B. aaproffeiiea (Rosenbach, 1884). — I. Large rods, spore formation. On 
agar-agar forms an irregular streak with viscous appearance, and emits a 
cnaraoteristio smell. Non-pathogenic. II. Rods thinner and shorter than I. 
On agar-agar grow as transparent globules which afterwards become grey. 
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CaHBc patrofsction in ttie alsence of oxygen, tint \esi inpfdlj tlun in Iti 
prvMtice. PathogBnic to rabbits in considerable qiuntitiei. 

£. tnUrificiu aiU (BieDstock}. — A thin bacilltls, abooC S ^ in lengtli, 
Bometimas shoiter. Frequently forms filaments. It ii actiTelj motile, foroia 
a large terminal, ephencal ei)ore, and pTogrcssea with the spurs in fronl. 
Grown oo geUtia it produces a thin layer with an iridascenl lustre, which 
later assumee a yellow colour. It ia constantly present in fsices, and aerard- 
iug to Bienatock in one of the chief bctora in the decomposition or albatninmu 

B. pii"gmfi fatidiu (Fssset, 1886). — A short motile rod, l-(6 ^ long 
and O'CiS /t broad. Umally occarsin pairs or in short cliatus, Spore fonns- 
tion(!)in the interior. Grown on gelatitt plates prqduca* white data after 
tweuty-fonr hours, which subsequeutly cosleeee into a pey layer. Tb« 
gelatin is not liquefied. In ttsb cultivations forms on the (urfsM a grtylstt- 
white layer in the irregular margins, and numerous small colnnie* along Iba 
punotnre line. The oQldvatiODS emit a disagreeable smell. Patbogtfuic to 
gainea-piga and mice. 

B- Jtuoraxena liqytfaeinui, B, lantAinuj, S. ert/tkrosporiu, B. jtfBeyatuHl 
{See ' Colour-producing Bacteris." p. 371). 

Spirillum undula (ElirsnberB).— Isolated from iotiisioDS of puti«fj[iis 
animal matter. Rigid spiral thread 8 in 1U ^i long, 11 to 1*4 ^ braid. 
r. . . . , -_ i.L. o___s, J ^^jj ^^^^ ^^^ progresMs by rapid rataiy 



Spir. coneentrieitn (Eitsssto). — Found in putrefying blood. SbuTt 
Rpirillum with pointed ends, aod two or three twists, each of which u 3'& to 
4 u long, and 2 to 2'B fi in diameter. In nutrient bmth cultiTationa it de- 
velops into long spirals with from fivs to twenty twists. In atab cultivations 
it produces a clondy growth on the surbce extending into the depth of ths 
gis'atin, and ou gelatin plates grows in concentric rings, alternately Inneparant 
and opaque. 

B. proteia uu/ipir£j, — Hauser regards this as the principal micro- orgamaoi 
in the putrelaction of dead animal tiasneB. It is normally present in tbe larga 
intestine. It is a bacillus with rounded andaD-6 abroad, and varying greatly 
in length, aometinua being short and oral, and at others from rS6 to 37S r> 
in length. In older coltlvations it assumeti many involution farms, sppc«t> 
ing sometime* ss filaments more or less wary and tpiral, and sam^anii 
in forms resembling cocci, whence it* name 'prot/va.' It ii aifrobia, baa _ 
Bagellum, and is actively motile. Grown on gelatin it nrodaoe* at fint 
brownish or grey colonies, which afterwards assume curious elispea, and in ttM 
liqnelied gelatin, appear aa thick white oload; massee. On agar-agar it fomii 
a thick white layer. In nutrient media containing auli>hur componnda il 
produces hydrogen sulphide and mercaptana. The products of the bacSItM 
are poisonous to animals. 

B.proUaa mirabilii (Uaoser, 1886),— This bacillus closely reaemblet tba 
|<recediiig, but its involution forms are more numerous, being spherical, psar- 
shaped, thread-like, etc. Grown on nutrient gelatin it forms a thick whlt« 
layer, and causes slow liquefaeiion of the medium. Id Hanger's ex[>eri)iientt 
the injection of a steriliud cultivation into the peritoneal cavity of tabbiM 
caused death. 

B. pnAr^i) ZenJcri. — This was isolated b^ naiiier at the same time m th* 
two preceding bacilli from putrid meat infaaion. The bacillus is tnotOfl 
and variog greatly in die, but svaraaes l-fiG ^ in length, and about 0-4 ' 
breadth. Grown on gelatin it prodnees after forty-eight hnunimall i 
colonies resombiing ihe mycelium of fungus. It dilTers from the two ■ 
B]'*ciea in not liquefying the geUtin. 

- "^is it a usual inhabitant of the large lotMtilin 
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In the typical form it is a short rod with rounded ends, about 2*5 /& in length, 
and O'b nk broad ; but it sometimes resembles a micrococcus, and in cultiva- 
tion filaments are also obeerred. It is motile and aerobic, but is also capable 
of deyeloping in the absence of air. Qrown on eelatin plates it produces 
greyish colonies more or less translucent. In stab cultivations the surface 
growth is dry, and may be either thin or thick and rugged. In the depths 
of the gelatin the colonies are white, and there is frequently a cloudiness near 
the surface. On thepotato it produces a soft white growth which develops 
a brownish tint. Tnis micro-organism has considerable resemblance to 
the bacillus of typhoid fever, from which it is only separated with great 
difficulty.* 

The bacillus is pathogenic to rabbits and guinea-pigs. It is killed after 
five minutes at 66 0. 

B. subtUis (the Hav Bacillus) is very widely distributed in the air, but 
develops most readily from an infusion of hay. It is a large bacillus, 
4*5 to 6 At in length, and about 4 fA broad, which occasionally forms filaments. 
Grown on gelatin, it produces a thick pellicle on the surface, and liquefies 
the medium. It is sometimes motile. It forms bright oval spores V2 /* long 
and 0*6 /* broad, which are not stained bv ordinary aniline ccuours, and thus 
stand out in contrast to the stained bacillus. 

Aicoeoecui BUrothii. — Found by Bilroth in putrefying infusions of flesh. It 
forms characteristic colonies, consisting of oval masses with a tough surround- 
ing envelope, in which are contained one or more groups of cocci 20 to 70 /u in 
diameter. It is an aerobic organism. The cultivations become strongly 
alkaline, owing to the liberation of ammonia. When grown on beetroot it 
forms a greenish-white slimy mass'(Cohn}. 

B. cadaverU grandis (Sternberg). — According to Sternberg, this is 
one of a number of large anaerobic bacteria which produce the offensive gases 
in the putre&ction of animal matter. It is a large oacillus with an oval spore 
at one extremity, and is difficult to cultivate in artificial media. It is 
pathogenic to animals. 

Bacterial Products of Putrefaction. — The anaerobic bacteria 
first decompose the albumin and fibrin of the flesh into albu- 
moses and peptones, and then cause further disintegration, the 
nature of which depends to a large extent on the species of micro- 
organisms, and on the conditions as to temperature and access 
of air in the decomposing substance. 

Among the decomposition products formed, the following may 
be mentioned : — Carbon dioxide, hydrogen, nitrogen, hydrogen 
sulphide, phosphuretted hydrogen, methane, ammonia, anmioniimi 
carbonate, various amines and amido-acids, different members of 
the fatty acid series, indol, skatol, ptomaines, etc. Many of the 
volatile substances are characterised by a disagreeable odour. The 
principal gases formed in the interior of a putrefying mass are 
methane, hydrogen sulphide, and hydrogen. 

In the surface decomposition by the more aerobic bacteria the 
products formed are of a simple character, such as carbon dioxide 
and ammonia. 

* For a full discussion of the methods of distinction, see Stoddart [Analyst, 
zziL p. 114). 
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Saprssmia, or 'Putrid Intoxication.' — Thnt the products of 

many of the saprophytic bacteria are capable of producing serioiia 
disturbances when absorbed into the system of animals iB weU 
known. In the case of tlie bacteria of putrefaction it has boeo 
proved esporimentally that many of the eubatancoe which they 
eliminate (ptomaines, etc.) are toxic to animals, whether laUo- 
duced into the system by subcutaneous injection or by tlie moutb 
(cf, F/esh Poiaoninri, p. 222). Since the poisons which lh«y 
elaborate are not destroyed at the usual temperatures of cooking, 
flesii which shows the slightest sign of decomposition muat be 
regarded as dangerous. 

It is uncertain whether the flee<h of animala which have been 
poisoned by the products of putrefactive bacteria is itself danger- 
ous. Ostertag considers that it cannot be so regarded providwi 
Siq>liemmia is not einiultanoously present. In support of his view 
he states that the flesh of poisoned animals is cat«n every year 
without ill effects, and that the blood of the dead animals is uat 
toxic on inoculation. He attributes this to the deetructiou of the 
poisonous substances by the action of the living cells. 

The Bacillus of Sausage Poisoning (Botulism). 

In December 1895 several persons in the Bt'lgian village EUe- 
zellea were poisoned through eating a ham, and four of th« 
patients died. From the liver of one of them van Ermetigem * 
isolated an anaerobic bacillus, the cultivations of which produced 
all the symptoms of sausage poisoning on inoculation into animals. 
Subsequently Brieger isolated from the cultivations a virulent 
toiine which is apparently tlie direct cause of the illneas, sinoc 
the micro-oi^anism itself speedily perishes when introduced into 
an animal's system, being a simple saprophyte. 

Bacillut fmlulinvs can only develop under certain conditiona 
in which the exclusion of air is complete, as in weak pickling Ruids. 
From the poisonous ham in which the bacillus was Hrst isolated 
no trace of ptomaines could be found, and the meat appeared 
perfectly sound. It was not found in other parts of the same 
pig or in the slaughter-house. 

CharaderMia. —B. Miiliniu fonni rods 1 to 9 f> long with ronnded nda 
mnd termintl ipoTM. In appetranoe tt bas some ressmblaDca to the bacteria 
cif >Qthrai and of malignaDt csdama. Slightty motile. On nlalio it 
growtbestat 20° toSO'C, prod adng slow tignehotian. At S8'fi° the growth 
ceaaes ia a few houn. Thg ooIohIm an ronnd >iid tnQB)iaTeDt. 

Schneidemiihl t points out that in 1689 Eempuer isolated from 

Bwine feoes an organism identical in morphological and pathogenic 

• Trap, du Lab. iTSyg., Qhant, 18S7. t Cait./. Bait., 1888, p. 677. 
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properties with B. hoittlintiSf and the toxine from which also pro- 
duced these symptoms of botulism on inoculation. He regards 
this as an indication of the origin of van £rmengem's bacillus 
(<•/. p. 226). 

Pathogenic Bacteria. 

Pyogenic Bacteria. — As a rule, one or more micro-organisms are 
foimd in pus. It has, however, been abundantly proved that 
bacteria are not essential to the formation of abscesses, which 
may also be caused by chemical agents, such as turpentine and 
croton oil. Of the numerous micro-organisms which under 
ordinary circumstances are the cause of suppuration, those most 
frequently met with are Staphylococcus pyogenes aureus and 
Streptococcus pyogenes^ then Staph, pyogenes al^mSy and less 
frequently Staph, cereus flatms, Staph, cereus albics. Staph, pyogenes 
cttreuSy Micrococcus tenuis, Bacillus pyogenes fcetidus^ and M. 
tetragonus. Many other organisms associated with various 
diseases, such as the streptococcus of erysipelas, also give rise to 
sappuration on inoculation. 

Staph, pyogenes aureus. — This ii a very common and widely dis- 
tributed saprophytio organism, which is fonnd normally on the body, and 
especially on mucous surfaces. A spherical micrococcus 0*7 ^ to 0*9 fb in 
diameter, which occurs singly, in pairs or groups, and sometimes in chains 
of three or four individual. Aerobic and facultatively aerobic. Grown on 
gelatin it forms golden colonies where it comes in contact with the air, and 
eauaes liquefiMstion. The cultivations, especially those on potatoes, have 
a sour smelL According to Sternberg it perishes after ten minutes at 56*" 
to 6S* C. 

Staph, pyogeTies aXbus (Bosenbaeh, 1884). — Closely resembles the 
preceding organism in size and morphological characters, but the surface 
cultivations are white. FlUgge states that it is more frequently met with 
in the lower animala than S. pyogenes aureus. It causes the liquefaction 
of gelatin. 

Staph, pyogenes eUreus (Passet, 1885). — This micrococcus is indis- 
tinguishable in form from the two preceding organisms. It differs from 
them in forming a lemon-yellow growth and in liquefying gelatin more 
■lowly. 

M. pyogenes tenuis (Bosenbaeh, 1884). — Micrococci of irregular size, some- 
what larger than the preceding species. Grown on agar-agar produce thin, 
transparent, shiny colonies. 

Strept, pyogenes (Fehleisen, 1883). — Spherical cocci 0*4 to 1 /bb in dia- 
meter, mul&plying by division in one airection. Aerobic and facultatively 
anaerobic, non-liquefying. Grown on gelatin, form small white colonies. 
No growth on potato. Thermal death-point (Sternberg), 52° to 54° C. for 
ten minutea. 

Pyeemia. — This is an old term applied to those cases in which 
the toxic bacterial products are absorbed into the system from 
the abscess, so that the blood-poisoning becomes general instead 
of local Sternberg includes it under the wider term toxssmia^ 
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which ho applies to all caaes in which bacterial products (as dia- 
tiuut from tlio bacteria) produce general diaturbaiiues &t a disbuiw 
from the Beat of infection, as, for example, ia the caae of tetanus 
and diphtheria. 

The Flesh of Infected A mm a In — \^'hDre pjogeuic bacteria aro 
actually present Ostertag considers that there can be no queetiou 
as to the flesh being dangerous. This was confirmed hy Karlinski, 
who gave milk containing S, pi/ogeneg aureuf to forty-eight animals, 
uud produced general infection in six, and local atwcesses in other 
cases. Moreover, uumeroua cases have been recorded of poisou- 
ing through eating flesh of animals with genoml pytcmia.* 
According to Fischocder,t when the disease b cirouwscribcd llii! 
flesh, after removal of the affected parts, may he freely sold, but 
when there b emaciation, and the flesh is watery, it should be 
excluded from the market. The flesh b dangerous when tbe 
abscesses are not circumscribed, and when the animal, befora 
slaughtering, showed signs of fever and extreme debility, etc. 

Septidemia. — Under this title are grouped a number of acut« 
or^ianic disturbances, caused by tbe presence and develoiiueiit 
of bacteria in the blood, causing a. general infection, which usually 
terminates fatally within one or two days. The general symptonu 
of the infection, whether by accidental or artiGcial iuoculattoD 
with the bacteria, are fever, enlargement of tbe upleen, congeation 
of various organs, and hfemorrhage. The micro-organisms are 
found in the blood and tissues throughout the body. 

Bacteria producing Sepliexmia in Animals. — 

1. Tlie Baeieria of tlie Rabbit SeptUjrmia Group. 

According to Baumgarten, the micro-organisms which produce 
rabbit septicaemia, fowl cholera, swine fever {Schweinicucht), tbe 
epidemic disease of deer and of cattle ( Wil'tseiiche and Bindertfueiie), 
and of bufialoes {Buffdgeuclit), have the same morphological, bio- 
logic!il,and pathogenic properties. Fedem regards them as varieties 
of the same species, and Stemberg J agrees with Cancva (1891) in 
regarding iheiu as identical, and describes them under the name 
of B. aeptieamix lurviorThagUa. Klein,§ however, considers that 
more work is reiinired before this can be regarded as proved. 

liarillue $rpticKmi» hxiiiorrliagi'ix. — Small bacilli wiUt 
roun'Imi ends 1 ■! /i lung, and 06 to 0'7 /i broad, ocouninR 
in pairs or in chains of 3 or 4. Aerobic, non-motile and 

* 0«tcrt*g, Der TleithehUtclunt, p. t'S. 
t Luiffaden drr FltijiAb^hau, p. 159. 
3 BtOeriohsV' lSf6, p. iSt. 
t Miav-vrgaitiunt and Diteati, p. 223, 
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non-liquefying, forming small white colonies on gelatin. 
Stain more readily at the extremities than in the centre, 
80 that after short staining the rods have the appearance 
of a diplococcus. 

2. The BaciUus of Hog Cholera. Cf, p. 282. 

3. The Bacillus of Swine Erysipelas. Cf. p. 283. 

4. B. pyogenes fcdidus. Cf. p. 276. 

5. B. erUeritidis. Cf. p. 275. 

6. The Bacillus of Grouse Disease (Klein, 1889). — Aerobic, 

non-liquefying, non-motile bacillus, with rounded ends, 0*8 
to 1 '6 ft long. Also as spherical or oval cells, 0*6 /i long 
and 0*4 fi broad. Occurs singly or in pairs, or in chains 
of 3 or 4. Grows on agar-agar at 36° to 37* C, forming 
a dry, thin, grey layer. It was found in the lungs and 
liver of grouse which had died of an epidemic disease. 
Babbit Septics^nia. — The micr(M)rganisms producing septic- 
aemia in rabbits (Koch) are oval cocci, 08 ft long and 0'6 fi 
broad. They were found in the blood after the injection of putrid 
meat infusion. Grown on gelatin they form round white colonies. 
According to Ostertag,* the bacteria usually perish after fifteen 
minutes at 55*" C., or ten minutes at 80° C. But in order to 
destroy them in flesh, even in thin slices, the temperature must 
be kept for at least an hour at 80° C. 

ITie Bacilli of Davaine's Septicamia in Rabbits. — These were 
found in the blood of rabbits into which Davaine had 
injected putrid ox blood. They are non-motile, short, 
oval rods, 1*5 /x long and 0*8 /:& thick. On gelatin they 
form small white circular colonies. In stained prepara- 
tions the granules at each end are stained more readily 
than the centre of the rod. 
Epidemic Disease of Deer and Cattle (WUdseuche and Binder- 
seuche). — This is an epidemic disease which attacks cattle (Binder- 
seuche), deer {Wildseuche)^ and horses. In the pectoral form 
of the disease, which is the most common among deer, there is 
acute pleuro-pneumonia and haBmorrhage into the breast cavity. 

The Bacilli of * WUdseuche.* — These are small motile rods with 
rounded ends, I '0 to I 'i fi long and 0*4 to 07 ft broad. 

T?ie Flesh of Infected Animals. — Notwithstanding the resistance 
of the bacilli to the action of the gastric juice, there is no evi- 
dence to show that the flesh of infected animals is injurious to 
man, and in fact such flesh has repeatedly been eaten without ill 
effects (Friedberger). In Bavaria, however, the sale of the raw 
flesh is prohibited. 

Swine Fever (Schtoeinseuche). — This disease (like Wild- and 

* Bandbuch der FUisclibcdc/iau, p. 439. 
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Rindereetu-he, p. 281) cfin occur in three forms — exunthenititlc, pec- 
toral, and intestinid. The skin becomes l>right red, espcciull; on 
the neck, abdomen, aod breast, and the auiinaU hare difficulty lu 
br«ithiiig, and a cough. In the acute form the S3:ni|ttome rescmbU 
those of swine erysipelas, and in the chronic caaea those of titber- 
ciilofiis. About 50 per cent of the animals attacked succumb. 
The disease is highly infectioits, and can bo contracted by inocu- 
lation, by respiration, and by introduction with the food. 

T}ie Bacilli of Smm Fever. — These are motile bacilli, with a 
gre.it resemblance to those of fowl cholera, but with a tendency to 
unite in longer threads. Moreover, the bacilli of swine fevcr 
are harmless to hens and pigeons (Itzerott and Niemnnn). Qro« □ 
on gelatin they produce scanty white colonies, without liquefaction. 
They are readily atwned with aniline colours, but not by Onun's 
method. 

The Fteth of Infected Smne.^Fiod]Qr andBIeisch • regard the flosh 
as dangerous to man, and Zchokke t records a case of poisoning 
in 18D7 with ham, from which bacteria, which agreed iti morpho- 
logical and biological characteristics with those of swine fever, 
were isolated, and which, inoculated into rabbits, produced death. 
Ostertftg, however, points out that the general experience of meat 
inspectors leads to the opposite conclusion. Moreover, since the 
bacilli perish after an hour at 80° C, he considers that thorough 
cooking of the flesh would remove all risk. By Gonnan Uw It Ja 
ullowed to be sold, provided it be first well cooked. 

Hog Cholera (Swine Plague, Schiceinepeti). — This disoase had 
its origin in America, where it is very fatal to swine. It wkii 
introduced from Anierica into England, and siibseijucntly on to 
the Continent of Europe. In Germany it is not very frequently 
met with. It takes either an acute or chronic form, and la 
characterised by septicemia and htcmorrhage upon the mucous 
membranes. The pott-morttnii appearance of the spleen is enlarged, 
soft, and dark. 

27(e Bacilli. — Small, actively motile rods with rounded ends, 

12 to I'5 n long and 0'6 to 07 }i broad, which usually occur Id 

pairs. Aerobic (facultatively anaerobic) and non-liquefying. Grown 

on gelatin they form deep spherical colonies. Yellowish-white 

growth on potato. Novy isolated from pure cultivations a toxin* 

' nisrUoxine,' which produced death when inoculated into animals. 

The Flesh o/ Infected Animal*.— T\ibre ia no evidence that th« 

fiesh of swine which have suffered from hog-cholera has ever 

caused illness in man. From some oiperimeiits by Smith it 

upj^eon that bouillon cultivationa of the bacilli are sterilised in 

* Der FleiKkbachnu. «, t5S. 

t Zeit. FUMi w. Um Byg., ISBS. p. 169. 
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fifteen minutes at 70* C, and in an hour at 54"* C. Sternberg states 
that the bacilli can resist desiccation for nine days to a month) 
according to the thickness of the layer dried. By a German law 
of July 9, 1894, the sound flesh of infected animals may be sold, 
with a declaration as to its nature, after thorough cookiSng. The 
affected pu-ts must be burned or buried. 

Fowl Cholera. — The birds are suddenly attacked, the symptoms 
being diarrhoea, fever, drowsiness, hsBmorrhage in the viscera, and 
death in twenty to forty-eight hours. 

T?ie BaciUua of Fowl Cholera, — This was discovered by Pasteur 
in 1880. It is a small short rod 1 to 1*2 ft in length. In pure 
cultivations two or more rods are found lying together, and in 
many of them bright spots can be observed, which however are 
not spores (Itzerott). It is aerobic and non-motile. In gelatin 
stab cultivations it produces a thin white streak without liquefac- 
tion. On potato and agar-agar a yellowish-grey thick surface 
growth is formed. It is characteristic of this organism that it is 
only stained intensely at the ends with a basic aniline colour if 
the action of the dye is not continued too long. It is not 
stained by Gram's method. It is pathogenic to many birds, by 
subcutaneous injection or through the mouth, and also to mice 
and rabbits. Guinea-pigs are only locally affected, and the same 
applies to horses and sheep. 

The Mesh of Infected Birds. — From experiments of Perroncito 
and Kitt it appears that dogs and cats devour the infected flesh 
without injurious results. 

Swine ET3rBipeIas (Rotlauf). — Klein * states that 60 per cent of 
swine attacked by this disease die. The time of incubation is from 
three to four days, and in a few hours after the animal has shown 
signs of fever, red patches make their appearance on all the 
smoother parts of the skin, such as the neck, ears, and abdomen. 
These gradually become darker and extend until the whole body 
is covered. The spleen, liver, kidneys, and heart are all affected, 
and death ensues in twenty-four to forty-eight hours. 

2%« Bacilli of Swine Erysipelas, — These have the form of rods 
0*8 to 1*5 /A long and 0*1 to 0*2 ft broad. They are found in the 
secretion of the lymphatic glands and in the blood of the diseased 
animals. Grown on gelatin they form a silvery-grey layer without 
liquefaction. On agar-agar they produce a soft grey skin. There 
is no growth on potatoes. Spore formation has been observed. 
The bacilli are pathogenic to rabbits, pigeons, and mice, but 
cattle, horses, guinea-pigs, and hens are refractory. 

Influence of Heat and Preservatives on the Bacilli, — Pure 
cultivations of the bacilli are destroyed after five minutes' heat- 

* Micro-itrganismB and Disease, p. 252. 
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ing at 55' C. Petri* found that the ordiuar; methods ot cooking 
meat did not kill thost; in the interior of the flesh. By salting 
and pickling, their vitality was weakened, but they did not die 
until after a month. In another experiment they were found to 
be still virulent in flesh which had been salted for a month, lu 
HDioked huju they were found capable of infecting after thm 
months, but were dead after ais months. 

The Flfish of Infrded Animais. — The bodies of infected swine do 
not, as a rule, stiffen much {rigor mwlie), and the flesli rapidly 
JeL-omposes. Ostertag states that it has been abundantly ttbunu 
that the fresh flesh is not injurious to man. 

Malignant {Edema — The cause of tbia disease was first made 
knouii by Koch, who produced it in guinea-pigs by subcutonoons 
inoculation with garden earth. It can he communicated to horeos, 
dogs, sheep, calves, goats, and swine, and according to Ostertag 
occurs spontaneotujly in horses. Arloitigand Chauvcau stat«d that 
cuttle were immune, but Kitt found that inoculation with the 
bacteria produced pronounced local sjmptonis in them. 

The disease is characterised by the formation of an eitensiTe 
mdema near the seat of infection, followed by mortifjcation of the 
surrounding tissues. The large intestine is often inflamed, and 
the spleen itnd utlier organs cougesttid. Death results in from 
twenty-four to forty-eight hours. 

Tlie Baeilli. — These are found in the spleen and in the pus. They 
are long rods 2*5 to 3 /i in length and 1 ft broad, with rounded enda, 
aud occur singly, in chains, or in filauieuta. They are motile and 
anaerobic, and in stab cultivations form deepseated globular 
colonies which eventually sink to the bottom as white massca in 
the liquefied gelatin. When cultivated on agar-agar the colotliea 
produoe bubbles of gas. Oval spores are formed either at cue eod 
or in the middle of the rod. In cover-gloas preiiaratioiis tbA' 
bacilli are not unlike the bacilli of anthrax. 

The Fieeh of Infected AnimaU.— "There is no proof that tli» 
flesh of animals which have suSered from malignant ccdema ia 
injurious to man. But Lehmann t considere it dangerous to eat 
both in tlie raw and cooked condition ; whilst, since the disease ia 
communicable to man, there is always the risk of infection throu^ 
any cut or abrasion of the skin. 

Tetanus. — The cbanicteristic symptoms of this disease atA 
spasmodic contractions of the muscles, which is usually caused \>f 
the coQtamiciation of a wound by the spocillo bacillus. It oocun 
most frequently in horses, but is also common in new-bom lamha 
from infection of the navel wound. 
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Bacillus Tetani, — The micro-organism producing tetanus was 
discovered by Kitasato in 1891. It is frequently met with in soil 
or dust. It is a slender straight rod, which forms a large spore at 
one extremity, giving it a characteristic drumstick appearance. It 
is anaerobic, and growing the depths of the gelatin, where the 
oxygen is absent, in a radiating form, and after a considerable 
time liquefies the gelatin. The cultivations develop a strong 
odour, and in the gases evolved hydrogen sulphide and mercaptans 
can be .detected. It can readily be stained with aniline colours or 
by Gram's method. The spores can be stained red in contrast to 
the bacillus, which is stained blue by the Ziehl-Neelsen method, 
and methylene blue. 

The Flesh of Infected Animals. — From the experiments of 
Sormani,* who fed animals with pure cultivations of the tetanus 
bacillus, the flesh of animals infected with tetanus would seem to 
be harmless when eaten. It was found that the digestive 
apparatus could withstand a dose 10,000 times greater than was 
fatal in injections. This conclusion is the more probable since 
the bacilli must frequently be eaten by cattle with their food. At 
the same time the flesh is not normal, since there is unusual white- 
ness, degeneration of the muscular tissue, defective bleeding, and 
a characteristic sickly odour. 

Influence of Heat on the Virus. — Kitasato found that the toxine 
of the tetanus bacillus (tetanine) was rendered completely harmless 
after five minutes at 65° C, so that all chance of infection would 
be destroyed by thorough cooking of the flesh. 

Babies {ToUwvth). — ^There is no evidence to show that hydro- 
phobia can be communicated by eating the flesh of animals which 
have been infected with rabies, but it should be excluded from 
the market, since there is a possibiHty of infection through 
handling it. 

The action of gastric juice on the virus was made the subject of 
experiments by a Russian doctor, Wyrsykow8ki.t Starting from 
the fact that the flesh and brain of a mad animal did not produce 
illness in animals eating them, he placed the medulla oblongata of 
an infected rabbit in a thermostat with artificial gastric juice. Of 
twenty-one rabbits inoculated with the artificially-digested virus 
none became ill, whereas seventeen inoculated with the fresh 
(undigested) virus became infected. 

From Sternberg's experiments,! it appears that the virus is 
rendered harmless after being heated for ten minutes at 60° C. 
The primary cause of the disease has not yet been determined 
notwithstanding the researches of Pasteur and others. Various 

* Ostertag, Der Fleiachbesehau, p. 861. f Ostertag, loe, cU., p. 873. 

X Sternberg, Bacteriology, p. 521. 
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micro-organisms have been described in connectioQ with rabi«a, 
but pure cultivations of tbeso have not infected animula un 
inoculation. The brain, apinal cord, and uervea appear to lie tl)« 
])rincipal seats of the virus. 

Glanders. — Occurrence. — This disease is almost peculiar to 
horses, asses, and mules, though it can be communicated to nian. 
The horae, goat, ass, aud sheep have been Lufccted with artificial 
oultiTations, but cattle, swine, and mice are immune.* 

Mode 0/ Infection. — Prinmiy intestinal infection has not been 
observed in the case of any animal, and iufection usual); occurs 
through external abrasion of the skin. 

Effects. — Glanders is characterised by the formation of nodules 
and tumours. There is frequently ulceration of the nostril, but 
no characteristic alteration of the muscular tissue. 

The Bacillue.—lMmer aud Schuiz in 1882 discovered that 
glanders was produced by a bacillus {B, mallei). It is a noo- 
motile atirobic rod 1'6 lo 3'5 jt in length, with some renemblaDoe 
to the tuberculosis bacillus, but rather thicker. Spore formation 
is not known to occur. 

Q agar-agar (at 35° to 38° C.) it produces a moist wliita 
layer, and on blood semm a white film without liquefaction. It 
forms a chaiacteristic golden growth on sterilised potato, which 
gradually darkens and assumes a reddish colour. It sometimes 
forms filaments in cultivations. 

Staining. — Lciffler employed aii alcoholic solution of methylend 
blue. Gmm's method cannot be used. 

Influence vf Heal. — Tlie glanders bacillus in pure cultivatioas 
perished at 60" to 70° C. 

Tfie Fleih of Glundered Animals. — By a German iuiperial edict 
the bodies of all animals infected with glanders must be destroyed 
without breaking the skin. It has, however, been shown that the 
tlosh of glandcred animals can be eaten with impunity, as Decroix 
relates was the case in the siege of Paris. Feeding oxperimeuts 
have given negative results, but there is always the possibility 
of infection in the handling Qesh if there is any abrosiou of the 
skin. 

The Mallein ReacHon. — This is used to detect gtauders in 
horses in the same manner as the tuberculin t«st for cattle. 
A broth cultivation of the bacilli of glanders is loft fur a month 
at 37° C. It is then sterilised for thirty minuteo at 100* C., 
evaporated to one-tenth of its volume on the wator-butb, axA. 
filtered through pa^icr. The brown liijuid thus obtaiued is tb« 
crude mallein. Wlieu treated with several volumes of alcohol ft 
precipital-e is obtained which consists of a mixture of soveral 
* lUerolt aud Niemuui, llikroplioi. Allot dcr Baiitaiinkund., p. Si. 
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active principles (Nocard). The injection of crude mallein (0-25 
C.C.) into a glandered horse causes an intense reaction, the tem- 
perature often rising from 3** to 4° after twenty-four hours, whereas 
healthy animals are hardly affected by the same dose. Man is 
extremely sensitive to the test. In practice the mallein is diluted 
with a weak solution of phenol, as in the tuberculin test (p. 292). 

Anthrax. — {CharJxm^ Pustrde Malignant^ Splenic Fever ^ Wool- 
9orter^ Disease, MUzhrand.) 

Occurrence. — This highly infectious disease may occur in all the 
domestic animals and in man. The sheep is the most susceptible, 
then the oz, and then the horse, whilst the pig has considerable 
powers of resistance. Wild animals, birds, and frogs (kept at a 
suitable temperature) can also be infected. It is endemic in cer- 
tain parts of Grermany and France, and has been introduced into 
this country through spores attached to the skins of the animals. 

Mode of Infection, — This is usually by inoculation from sur- 
face wounds, but sometimes occurs by inhalation and by entry 
into the alimentary canal, especially in the case of the spores. 

Symptoms, — The muscular tissue, especially that of the abdomen, 
becomes pale and rotten, and there is haemorrhage in differeut 
organs. But the most characteristic symptom is the enlargement 
of the spleen, which assumes a blackish-red colour. 

Hie BadUi. — On examining the blood or spleen of the 
diseased animal under the microscope, numerous motionless 
rods can be observed. These are the Bacilli anthracis, short 
cylindrical rods with square-cut ends, 3 to 6 /x long and 1 to 1*5 /x 
broad. The filament form does not occur in the living animal. 
When grown on gelatin plates grey dots appear which after two or 
three days develop into colonies of a considerable size, and the fila- 
mentary structure can be readily made out. The colonies becumo 
depressed in the centre and liquefaction commences. In stab 
cultivations the growth forms a white line with horizontal feathery 
projections. Liquefaction commences at the surface, and when 
complete the colony sinks to the bottom as a white flocculent mass. 

Spores are only produced at a suitable temperature (18** to 
34** C.). Neither in living animals nor in undecomposed dead bodies 
are spores (as a rule) produced. 

Hanging-Drop Cultivation, — A drop of nutrient broth is inocu- 
lated with a trace of the blood of the animal, and placed on a cover 
glass. Over this is placed a hollowed-out glass slide, the edge of 
the hollow having been painted round with vaseline. The slide is 
then inverted, and the development of the bacilli can be observed 
under the microscope. 

Staining. — Cover-glass preparations of blood, etc., may be 
stained by treatment with Neelsen's solution and alcohol. 
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Tlie BporeB are beat obeervod by double-Btaining with Ziehl-NeelMO 
solution and methylene blue. Sections of tisaue are stained by 
Oram 'a method. 

Action of Heat on Anthrax Bacilli. — The hacilli are rendered 
harmless in 10 to 15 minutes at 55° to 60°, but a longer timv 
is necessary (or the destruction of the spores. 

The Flesh of Anivtali Infected teith Antlirax. — Bollinger* cod- 
tenda that the disease is not so readily oommunicated to man by 
eating the flesh of animals that have suflTered from unthmx as hu 
been supposed, and this view has been confirmed by otherB, 
Beliring, for instance, records a case in which the Besh of k bull 
vug eaten without ill effects, although the two men who slau^ 
tered the animal became infected with anthrax. Ost«rtag there- 
fore considers that as a general rule the flesh might bo cateu witli 
impunity, for the bacilli, without spores, are destroyed by the gnstrio 
juice, and sporea are not usually present in fresh meat. But such 
flesh must, notwithstanding this, be regarded as dangerotu, 
for mere handling of it has been known to cause infuctioo. 
Schmidt-Mulheim, too, has shown that spores can form under 
favourable conditions {e.g., high temperature), and these toigbt 
cause intestinal infection (Darmmilzbrand). 

Perroncito has described a disease which occurs in Sardinia, 
affects horses, asses, cattle, and swine, and is cuninmnicable to 
man. It resembles anthrax in many of ite symptoms, but is 
caused by another micro-organism, B. prolans oirulentiirimw. 

Quarter EviL — {Symptomatic Anthrax, CharhonSipTiptomatique, 
Ra'inchbrand.) 

Occurrence and Effeefg. — This is a disease with a slight refiem- 
blance to anthrai. It spreads rapidly among cattle and sheep, 
but swine and poultry are immime (Itzerott and Niemann). Large 
tumours are formed under the skin, containing a dark-coloured 
liquid. It originates from deep injuries of the skin or mucoua 
membrane. The muscles adjoining the seat of infection ore of a 
bro«Q or black colour. 

The BaeiUtu. — This woe discovered by Feser and Sollinger 
in 1876. It is a motile rod 3 to 6 ;t long and I /i broad, whioh 
becomes motionless after tlie formation of its large tormln&l 
spores. It is an anaerobic organism. In gelatin stab culUvo- 
tioiis it forms roimd white globules, the surrounding gobitin ia 
li<|ueHed, and there is an erohition of gas. 

The Influnnce of Heat. — The bacilli have great powers of 

resistance to the action of heat. They are still virulent after an 

hour at 80' C, but are killed in five minutes at 100* C. ia » 

st«am apparatus. Tlie Biperimouta of KJtt t showed that tlis 

• OlUlUg, lac cil., p. 386. t Ibid., p. U3. 
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spores in dried flesh are not destroyed but only weakened in a 
current of steam. Fresh flesh containing the bacilli can be 
boiled for half-an-hour, and dried flesh-powder for six hour?', 
without being sterilised. 

The Flesh of Infected Animals, — Ostertag states that the flesh 
can be eaten without ill effects, but it rapidly undergoes putrefac- 
tion (Feser), and, on keeping, develops a rancid odour somewhat 
resembling that of smoked herrings (Kitt). 

Foot-anid-Mouth Disease {Apthenseuche), — Occurrence and 
Effects, — This is an infectious febrile disease which attacks sheep 
cattle, and pigs. It is characterised by the formation of bladder- 
like vesicles affecting the mouth and feet. 

T?ie Micro-organism. — This has not yet been identified with 
certainty, though several bacteria have been described as the 
cause of the disease. Piani and Fiorentini, from their experiments 
on the liquid from the vesicles, are of opinion that it is produced 
by protozoa. 

T?u Flesh of Infected Animals, — Since the disease can be com- 
municated to man, parts containing vesicles must be regarded as 
dangerous, but from the results of experiments, flesh free from 
vesicles appears to have no ill effects. 

A case is recorded in which an attendant in a slaughter-house in 
Dresden became infected with the disease through smoking a cigar 
which he had handled after touching an infected carcass.* 

Oow-Pox and Sheep-Fox. — These are acute febrile diseases 
characterised by the formation of vesicular pustules. The micro- 
organisms producing the diseases are not known with certainty. 
They are distinct diseases, cow-pox being conveyed by inoculation 
and not being infectious, whilst sheep-pox is infectious. 

TubercnlOBiB. — Occurrence, — In one or other of its forms tuber- 
euloeis is widely distributed among domestic animals. It is 
common in the ox and cow, fairly common in swine and poultry, 
but rare in sheep, goats, horses, cats, and dogs. 

Effects. — The disease may be either local or general. When 
the lungs are affected small oval or spherical tubercles are found, 
some firm and caseous, others containing pus. At a later stage 
large oval cells ('giant cells') with several nuclei appear. In 
the advanced stage of the disease the animal becomes emaciated, 
the flesh watery, and the fat disappears. 

Mode of Infection, — This is caused by inhalation or by intestinal 
infection* 

The Bacillus. — The bacilli of tuberculosis (discovered by Koch 
in 1882) are straight or curved non-motile rods from 2 to 4 /x in 
length. They frequently have a beaded appearance, and occur 

« Zeit. Fleitch u. Afikh Hyg,, 1898, p. 18. 
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r in groups. Spore formation occurs in 
1 Bolidified blood Berum (37* to 38° C.) 
they form small, tliiok, white soales. On glycerin agar they pro- 
duco little nodulos, coalo^ing in lime into a cauliflower-like moK. 

Staining. — Tlie tuberculosis bncillus has a characteristic stain- 
iug reaotiou, which it sharea with the leprosy baoillua. Il b 
staiued with fuchsin, warmed for ten minutes, and decolorised 
with dilute mineral acid. When stained it often sliown a bettded 
appearance, which ia probably caused by the breaking up u( 
protoplasm. Sections of tissue may be stained by the following 
method (Crookshonk) : — (1) Warm Neelsen'a solution on tlio 
sand-bath till it steams. (2) Stain for Gve or ten minutes. 
(3) Riuse in water. (4) Decolorise in dilute hydrochloric or 
sulphuric acid. (5) Rinse in water. (6) Coimter-stain in 
uiothyloiie blue for three minutes. (7) Alcohol. (8) Oil of clovea. 
(9) Mount iu Canada iHilmim. 

in Koch's method the section is stained for an hour ut 40' C. in 
a mixture of water 200 c.c. ; alcoholic methyleue blue, 1 
per cent, potassium hydroxide, 0'2 c.c. It is then washed with 
water, count«rstaiued in an aqueous solution of Bismarck brown, 
washed, and moimt«d. 

Aedon 0/ Heal tm Dhe BadUm of TSiherralod*. — From experi' 
meuts on pure cultivations Hang found that the bacillus died at 
85' C. According to Jersin it perishes after ten minutes at 75° C, 
but can withatuiid a temperature of 65° C. Ordinary methods of 
cooking are, therefore, probably insufficient to destroy the bacilli 
in the middle of the flesh. Forstcr has determined the thermal 
death-point of the bacilli in milk : — 55' C. for four hours ; 60' for 
one hour; 66' for tifteeu minutes ; 80° for five minutes ; aud'JS' for 
oUB minute (c/, p. 212). 

Ittjtuejice o/ Salting and Smoking. — The bacillus is very rcsiM- 
nnt to tlie action of salt. Thus, Forster found tltat pure cultim- 
tions covered with salt were capable of infecting after two montb^ 
and that even salting and subsequent smoking did not destroy 
their virulence. 

Iiijtuettee of Oaitnc Jviee on the Bacilli * —VA\k first showsd 
the powers of resistance of the bacilli to the actiou of artificial 
gastric juice. Stiaoss and WUrtz found that thi^y retained 
their power of infecting for six hours in natural gastric juic«, and 
only perished after twenty-four hours. Zogavi estnbliithod tli« 
facts that tuberculosis bacilli kept in ortifimal gastric juico afc 
38° C. were still virulent after ttiree or four hours. After seven to 
nine hours they only caused local tuberculosis, and after eighteon. 
to twenty-four hours were no longer infectious. W 
* Oitortig, tec.di., p. 88E. 



THE FLESH OF TUBERCULOUS ANIMALS. 291 

showed by feeding experiments that small quantities of pure 
cultivations produced uo effect on animals, that larger quantities 
caused tuberculosis of the mesentery glands, and that only after 
repeated feeding with large quantities did tuberculosis of the 
intestines, liver, and spleen occur. 

Influence of Putrefaction, — Galtier found that the bacilli were 
still virulent after having been left in putrefying media for 
twenty-four days. From the experiments of Schottelius and of 
Gaertner, they appear to be capable of infecting after being left 
with the decomposing matter for months in the earth. 

The Flesh of Tuberculous Animals. — Ostertag * summarises the 
experiments which have been made with the flesh of animals 
which had suffered from tuberculosis. Nocard experimented with 
the flesh of twenty-one cows with general tuberculosis, but only 
in four cases were guinea-pigs infected. Galtier (1891) found 
that the flesh-juice of tuberculous animals may contain the bacilli, 
but that this is not the rule. In fifteen experiments the disease 
was only twice communicated. In other experiments animals 
were given as much of the raw flesh of tuberculous animals as 
they could eat, but in no case was tuberculosis produced. Hence 
Graltier came to the conclusion that there is no great danger 
in the flesh, provided the infected organs are destroyed. 

Forster experimented with the finely divided flesh of highly 
tuberculous animals and obtained three positive results. In 
Bang's feeding experiments with the blood there were only two 
cases of infection to nineteen negative results. In his opinion 
there is no risk in eating the flesh so long as the disease was 
unmistakably local. Eastner obtained negative results in 
twelve experiments, in which the flesh-juice was injected into 
the peritoneal cavity of animals. 

Professor Thomassen of Utrecht, in the report to the Congress 
on Tuberculosis, 1898, described feeding experiments with the flesh 
of animals with general tuberculosis. Ten pigs were fed for three 
months on the raw meat, each consuming three to fifteen kilos. 
Seven remained healthy, while three became tuberculous. As 
the meat contained fragments of bone, it is possible that in these 
cases small abrasions were produced in the mucous membrane of 
the mouth and stomach, and that the disease was thus introduced 
directly into the system. 

Ostertag considers that, as a rule, the flesh and flesh-juice of 
tuberculous animals is not infectious, since it either contains no 
bacilli or too few. Only when the disease is in a very advanced 
stage does the flesh appear to be infectious. Flesh must, there- 
fore, be regarded as dangerous in all cases of general tuberculosis 

* Loe. eit,, p. iOS. 
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affecting the muscles, bones, and lymph glands, and the fl«b of 
emaciated tuberculous animals must be regarded a> unfit for 
food, without reference to the tubercular processoa. 

The British Commissionera on tuberculosis appointed in 1896, 
reuommended in their report, isBticd in 1897, that the entin 
carcass and organs should be seized — 

(a) Wbeu there is miliary tuberculosis of both luugs. 

(b) When there are tuberculous lesions on the pleura and 

peritoneum. 
((■) When tuberculous lesions are present in Uio mmsoular 
syatem or in the lymphatic glands embedded in or be- 
tween the muscles. 
(cl) When there are tuberculous lesions in any part of aa 
emaciated carcass. 
Tlie entire carcass is not coudcmned, but all parts of it infcotod 
with tubercles are to be seized when — 

(a) The leeions are cou&icd to the lungs and lymphatic glands. 

(b) The lesions are confined to the liver. 

{cj The lesions are confined to the pharyngeal lymphatto 

glands. 
(d) The lesions are confined to any combination of the for*- 
going, but are collectively small in extent. 

In France the Sesh is condemned when the tuberculoala is 
general, or wbeu the chest wall or abdomiual cavity or tfa« 
greater part of an organ is affected. 

TJie Tuberculin Ted. — This is based on the fact that when frwB 
3 to 4 c.c. of a freshly-prepared 10 per cent, solution of 
tuberculin {1 c.c. of crude tuberculin dissolved in 9 c.c. of a 0'5 per 
cent, aqueous solution of phenol) is injected into the cellular tiseuo 
of the neck of cattle there is only a slight rise of temperstur* 
(05 to 08° C.) in the case of a healthy animal, whercaa wiA 
tuberculous animals the rise in temperature is marked. Wben it 
amounts from 0*8 to r4' C. the animal is regarded as suspldoua, 
and the teat repeated in a month's time. 

Bosson * gives a deecription of the method used in the PoBteuT 
Institute (1898) for the preparation of tuberculin: — A pnna 
cultivation of avian tuberculosis (which grows more rapidly than 
tlie human variety) is sterilised at 100° C, concentrated to « 
tenth of An volume on the water-bath, and filtered through paper. 
The filtrate, which is a brown syrup, has a sweet, ubaractfiristio 
odour and constitutea the crude tnberculbi. It can be purified 
by precipitation, but this involves the loss of a large proportion 
of the tuberculin, 

Animals dilfer greatly in their power of resisting inoculation 
* TtAnifiu itierobitiogigtu tt SerolAirap(que, 1S9S, p. 143, 
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with tuberculiiL An injection of 10 o.o. of the crude tuberculin 
into healthy dogs or cattle produces no symptoms beyond the 
slight rise in temperature. Guinea-pigs and rabbits are more 
susceptible, the former withstanding only 2 c.c. and the latter 
5 C.C. Man is extremely susceptible, and an inoculation of only 
0*26 c.c. causes fever (102° F.), diarrhoea, and vomiting. Stronger 
doees than those ordinarily used in the tuberculin test are inadvis- 
able, since they may be followed by fatal results in the case of 
tuberculous cattle. 

At the fourth Congress on Tuberculosis which was held in Paris 
in 1898, Professor Bang described the precautions taken by the 
Danish Government to isolate diseased animals so as to check the 
spread of the disease. By a Statute of the Government (1893) 
the owners must submit their cattle to the tuberculin test, and 
where a reaction is obtained the cattle must be isolated as com- 
pletely as possible. Similarly in the case of imported cattle, the 
animals are kept in quarantine until they have been tested, and 
those which react are slaughtered. 

At the same Congress ^ng gave the following statistics of the 
number of animals found to be tuberculous in the slaughter-houses 

of different countries * : — 

Per Cent. 

Gebmant. — Baden, 3'67 

Bavaria, 5*0 

Hamburg, 8*56 

Prussia, 12*7 

Saxony, 27*5 

Zurikan, 37*5 

Austria. — Vienna, 1*3 to 1*8 

France. — Toulouse, 9*28 

Brie and Beauce (Nocard's Statistics), 25*0 

Holland. — Amsterdam, 8*12 

Rotterdam, 7*0 

England. — Manchester, 29*4 

(1895, . . . 29*66 
Denmark. — Copenhagen < 1896, . . . 25*31 

(1897, . . . 26-87 
In regard to reactions to the tuberculin test there were 

Positiye Reactions. Per Cent. 
In Bavaria, 1895 and 1896, . . . .37*2 

„ Vienna, 39 to 43 

„ Strebel, 41 to 52*5 

„ Copenhagen, 28*8 

„ Sweden, 42*2, 46*9 

* B, M. J. Epitome, 1898, p. 26. 
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The Bacilli of Tuberadosis I'n Odd-Blooded Animal*. — 
Battaillou, Dubard and Terre * found in a large tumour in a carti 
Diunerous giant-cells coutitining bacilli with thu same morpho- 
logical and etoiiiiiig propertiee ob the ordinary bacilli of tuber- 
culosis, but growing best at a tompemture of 23° to 25' G. On 
inoculating carp with the pure cultivation no illness was produced, 
but the bacilli could be detected in the inoculated animal aft«r a 
month. Inoculatiou into froga caused death in nineteen days with 
occaaionally tubercular lesions of the lungs aud liver. By inocu- 
lating frogs with tuberculous material from a guinea-pig, bacilli 
which grew at the usual tem^ierature could subsequently bo 
isolated. It was not possible, however, to communicate tuberculosiii 
to guinea-pigs or pigeoaa with these cultivations. The coo- 
elusion arrived at wna that the bacilli of human or avian tuber- 
culoiiis may be converted into a saprophytic form by being [lOiwed 
through tlie body of a cold-blooded animal. 

Plearo-PQeumoma of Cattle (Lungermmfhe). — This ia & lung 
disease of cattle, characterised in acute cases by difficulty of 
breathiug, fever, etc., while in ohrouio cases there are often no 
external signs. As a rule only the left lung is afrectG<}, and after 
death it shows signs of inflammation and is more or loss solid. The 
disease appears to be only communicated by exposure of the cattle 
to the exciting cause, and has not yet been conveyed artificially 
£tom one animal to another. 

Several mjoro-organisms have been dcecribed as lUe cause of 
pleuro-pneumouia. Arloing isolated four, one of which was a 
bacillus and the others coed, from the lungs of a diseased animal. 
The Pneuino-hanUut liquejaeiens hovta was a short non-motile 
rod, which when cultivated on potato formed a white growth, 
sometimes becoming brown and gometimes green. Noc&nl, how- 
ever, does not accept this bacillus as the cause of the disease, 
and Crookshank t considers that the micro-organiBni has yet lo bo 
discovered. 

The Fletk of Infected J nimo/*.^ Pleuro-pneumouia of cuttle 
does not appear to be conveyed to man, and Fischoedcr regards 
the flesh as harmless. Ia Germany it ia allowed to be sold after 
being cooked aud left until perfectly cold. The lungs, faow«T«r, 
must in every case be destroyed. In the early stages of t)ie disease 
the flesh appears normal in consistence and colour, but later on it 
becomes emaciated, discoloured and flabby. In England it is cue- 
totnary to condemn only those carcasses in which the muscular 
tissue shows suoh signs of disease. 

t (Cattle Plague). — This disease is only met with In 
* Zeit. FliitA «. UilA Bgg., 189B, p. 161, 
f Bauterialogy, p. 243. 
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cattle under natural conditions, although it can be communicated 
artificially to other ruminants. Among the symptoms are fever and 
acute inflammation of the intestine. Red patches appear on all the 
visible mucous surfaces, which are subsequently covered with a grey- 
ish white deposit. Death usually occurs in from four to seven days. 
In many of its symptoms rinderpest resembles smallpox, although 
the diseases are quite distinct (Crookshank). The cause of the 
contagion is unknown. 

The flesh of infected animals is not dangerous to man, but it is 
usual to dispose of the entire carcass of the animal to prevent 
the disease spreading among other cattle. 

Calf Diphtheria. — Under this name Damman described a disease 
with a strong resemblance to human diphtheria. Loffler, howeyer, 
showed that the necrotic deposits formed in the mouths of calves 
were different from those in human diphtheria, and that the 
disease was due to long filamentary bacilli. 

As no experiments have been made to determine whether the 
flesh of the diseased calves is injurious to man, the question is still 
an open one. 

Fowl Diphtheria. — According to Loffler the * diphtheritic ' 
formations in the throats of hens and pigeons are not the same as 
in human diphtheria. Friedberger states that he has never known 
a single instance of the disease being communicated from one bird 
to another. Ostertag considers this as strong evidence against the 
flesh being injurious to man. Klein isolated f^om the deeper 
parts of the deposits a number of micro-organisms, including 
bacilli of about the same size as those of fowl chotera, but differ- 
ing from the latter in forming a thick yellow growth on 
potato. 

Actiiiomycosis. — This disease is of frequent occurrence among 
cattle and swine, being, as a rule, sporadic. Horses are also occasion- 
ally infected, and the disease is not uncommon in the human 
subject. In cattle, firm tumours are formed, especially on the 
tongue, which is enlarged. In the lungs, where they are also some- 
times found, they have considerable resemblance to tubercles. 

AcUnomyceg, — This was first discovered by Langenbeck in 1845, 
and described by J. Israel in 1878. Within each of the tumours 
minute yellowish granules are met with, which, when examined 
under the microscope, are seen to have a characteristic radiating 
structure composed of club-shaped bodies. They can be cultivated 
on agar-agar and on blood serum, forming moist white colonies, 
some of which in the course of a few days turn yellow or light 
brown. The cultivations are composed of filaments and never the 
club-shaped bodies. An efflorescence appears on the surface of 
old cultivations, and masses of cocci can be observed. 
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Klein* oonaiders that lliia oiicro-organiBm occurs Dftturally on 
gnuD, and is tutruduoed into the aiiiiual's sjrutein through a 
wound or abrasion, ' 

On Uijection of pure cultivationa the club-structures are pro- 
duced iu the inoculated animal. 

The Flesh of Infected Aniniah, — When the disease is 1oc»l 
Oatertag denies that the flesh, other than that of infected porta, is 
dangerous ; hut when the disease is general he considers that Don« 
of the flesh sJiould Vw sold. There ie no evidence that man c»ii l* 
direct]; infected with the dieeaae from animals, though this ia not 

BDthriomycosi&t — This is a chronic disease chanutchsed hv the 
fomiatiuu of tumours in tlie counective tissues. It baa hitherto 
only been found in the horse, and on one occasion in the or. In 
the intermuEcuIar connective tiBsue of the mfect«d nnimnl knota 
of varying size may be observed composed of a yellowish -brown 
diibstance, and occasionally containiug yeUowish-whit« granules, 
which under the microscope are seen to be grape-like isooglasal con- 
glomerations of from 5 to 100 fi in diameter. They can be stEuned 
with gentian violet and metliylene blue. The micro-urgujiiain 
causing the disease is the bothriamj/ees of BoWmg^r (\S69). 

Babe found that pure cultivations of tbc fungus were pAtho- 
geuie to guiueft'pij^ and on inoculation produced ccdema in sheep 
and goats. There is no evidence as to whether infected flesh is 

The Uuscle Say-FunguB.t— In 1884 Dunckler in examining 
sections of meat for trichinie noticed the presence of certain dark 
tKfdies, which, when magnified, were found to have a radiating 
structure, He considered it to bo a variety of octiuomycoeia. 
Johne and others opposed this view. 

Iu certain cases the muscular fibres lose their cross striaUoD. 
According to Hertwig it is most frequently met with in the 
muscles of the abdomen and between the ribs. Ost«rtftg 
states that in ISerlin it ie customary for the meat inspectors to con- 
demn altogether only those swine which are so much infected that 
the muscle has a greyish-red appearance and ia watery. The fre- 
quently occurring cases of slight infection are ignored. So inatance 
of ill-effects of such flesh on man has been recorded (cf. p. 259). 

Pathogenic Bacteria in Shell-Fish. — There appears to be but 
little doubt that numerous easefl of enteric fever have been 
produced through eating oysters and other shell-fish taken frou 
an infected source. Hordmann and Boyce J have recently invM- 
tignted the nature of the bacteria occurring in oysters. They 

* MifTo-oTgnnUatt oiul Ditaart, p> 4M. 

t Ostirtifi, lot dJ.. p. 4*1. ; /Vm. Jfcj/o( Soc, 1833, rp- 23D-211. 
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have not found the bacillus typhosus in any oysters obtained 
directly from the sea or in the market, although they have proved 
that when oysters are inoculated with that bacillus the micro- 
organisms are recoverable up to the tenth day. 

According to their experience the typhoid bacillus does not 
increase in the tissues of the oyster, but perishes in its intestines. 
Sea water also appears to be inimical to its development. 

Bacilli allied to the B. colt communis were frequently found by 
them in shell-fish sold- in the towns, and especially in oysters, but 
there was no evidence as to their occurrence in molluscs taken 
from pure water, and they may, therefore, possibly indicate sewage 
contamination. In no instances were any organisms givuig all 
the reactions of B, typhosus isolated, although some of the 
bacilli resembled them in certain characteristics. 



CHAPTER XIV. 

THE EXTEACTION AND SEPARATION OF PTOMAINES. 

Of the various methods which have been proposed for the separa- 
tion and isolation of ptomaines, the following have been most 
generally used. 

Brieger's (later) Method. — The finely-divided substance is ex- 
tracted with water slightly acidified with hydrochloric acid, the 
extract evaporated on the water-bath, filtered, and concentrated 
to a syrup. This is taken up with boiling 90 per cent, alcohol, 
the liquid filtered, cooled, and the filtrate treated with an excess 
of an alcoholic solution of mercuric chloride. The precipitate is 
collected after twenty-four hours, washed, suspended in water, and 
the mercury removed by means of hydrogen sulphide. The 
filtered liquid now contains the ptomaines in the form of their 
hydrochlorides. 

Gautier's objections to this method are, that some ptomaines are 
not precipitated by mercuric chloride, and that not all the hydro- 
chlorides are soluble, even in hot water. 

Pouchet's Method. — The slightly acid aqueous extract is neut- 
ralised, heated to coagulate albuminous substances, and filtered. 
The bases in the filtrate are precipitated by tannin, and the tan- 
nates collected, washed, and treated with lead hydroxide in excess, 
in the presence of alcohol. The filtrate, on evaporation, leaves a 
syrup which is taken up with water and dialysed. The bases 
pass through the membrane, and the water containing them is 
evaporated in vacuo, and extracted successively with ether, 
petroleum spirit, and chloroform. 

Gautier * regards this method as incomplete, since tannin does 
not precipitate all the ptomaines, and many of those which are 
precipitated are not soluble in ether, petroleum spirit, or chloro- 
form. 

The Stas-Gautier Method. — Gautier has worked out the follow- 
ing modification of Stas's method, which he regards as the most 
generally applicable. 

* La ToxineSf p. 56. 
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The finely-divided substance is digested for twenty-four hours 
vtith water containing 0*5 per cent, of tartaric acid, after which the 
liquid is filtered and the last portions separated by pressure. If 
the substance to be examined is liquid or nearly liquid, it is 
rendered slightly acid with tartaric acid, and if oily it is shaken 
in a flask containing carbon dioxide, with an aqueous 0*25 per 
cent, solution of oxalic acid. 

The slightly acid extract or acidified original liquid is heated 
for a moment at lOO** C, to coagulate albiiminous substances, and 
is then cooled and filtered. The filtrate is evaporated in vacuo at 
40° C. to a sjrrup, which is Extract A, 

The distillate will usually contain substances carried over with 
the water, such as phenols, indols, volatile fatty acids, ammonia, 
substituted ammonias, etc., with traces of volatile ptomaines. The 
latter are recovered by precipitating them with sulphuric acid in 
slight excess, and treating the sulphates with lime, which liberates 
the bases and removes the larger proportion of the aihmonia they 
contain. The mixture of calcium sulphate and free bases is 
shaken with ether, and then with alcohol, and any calcium oxide 
which dissolves is precipitated with a trace of sulphuric acid, 
leaving the bases in solution. 

The Extract A is extracted with ether, which removes fatty sub- 
stances, lactic acids, the excess of acid added, etc., and is then 
treated with boiling alcohol, which gives 

Solution By and leaves Residue G, 

The Residue C7, which contains salts, extractives, xanthic bodies, 
acid amides, etc., is taken up with water and dialysed. 

The part passing through is concentrated by evaporation, the 
bases it contains precipitated with lead acetate, the lead removed 
by means of hydrogen sulphide, the filtrate concentrated, and 
alcohol added. The substances which gradually deposit consist of 
oxygenated bases, such as leucine. 

The Solution B, which contains the most important bases, 
with peptones, etc., is evaporated to a syrup, rendered alkaline 
with potassium bicarbonate, mixed with powdered glass, and 
extracted successively with ether, chloroform, and amyl 
alcohol. 

The two first extracts on evaporation leave as a residue any 
alkaloidal siibstances which may be present. The amyl alcohol 
extract is shaken with water slightly acidified with sulphuric acid, 
which takes up the bases in solution. The liquid is boiled, and a 
hot solution of barium hydroxide added so long as a precipitate 
forms. The bases, which are left in the solution, can be separated 
into fixed and volatile bases by distillation, the distillate being 
received in acidulated water. 
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DragendorfTs Method. — The finely-divided suhstance is mixed 
with water containing a little sulphuric acid, digested for several 
hours at 50° C, and washed with water. The liquid is evaporated 
to a syrup, and digested for twenty-four hours with three or four 
times its volume of 95 per cent. alcohoL The separated sub- 
stances are filtered off, the alcohol evaporated from the filtrate, 
and the aqueous residue shaken with benzene, which removes 
certain impurities. 

The residue is rendered alkaline with ammonia, and again ex- 
tracted with benzene, which this time removes certain liberated 
bases. 

The liquid is then acidified and extracted with chloroform, again 
rendered alkaline with ammonia or sodiimi carbonate, and again 
extracted with the same solvent. In like manner, extractions are 
made with amyl alcohol, first from acid, and then from alkaline 
solution. Finally, the bases are recovered from each of the several 
extracts and examined. 

Gau tier's objections to this method are that there is a danger of 
forming basic substances by the action of the sulphuric acid on 
certain organic substances (lecithins, etc.), and that some 
ptomaines are readily attacked by dilute mineral acids. 

Description of Ptomaines included in Gautibb's ststem 

OF Classification. 

The following description of the characteristics of the different 
ptomaines is, in the main, compiled from the treatises of Brieger 
and of Grautier, who may be regarded as the greatest authorities 
on the subject : — 

AMINES OF THE FATTY ACID SERIES. 

I. — Monamines. 

METHYLAMINES. 

Trimethylamine. (CHj)jN. 

This has been met with in herring pickle, ergot of rye, human 
urine, normal blood, in the products of yeast putrefaction, and in 
those of meat, cheese, etc. 

It appears to be derived especially from lecithins, which, under 
the influence of hydrating agents, are converted into glycero- 
phosphoric acid, fatty acids, and choline, N(CHg)j(C2H^.0H)0H. 
The latter disappears after some days of putrefaction, being con- 
verted into trimethylamine and other substances. 

Properties. — At ordinary temperatures trimethylamine is a 
gas with a characteristic fish-like odour. It boils at 
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9*3' C, and does not solidify at —75* C. It is very 
soluble in water, and forms well-marked salts, of which 
the aurochloride forms yellow monoclinic prisms, and 
the platinochloride orange crystals. 

ETHTLAMINES. 

Ethylamine [CsH^N or CjHr.NHJ has been foimd in the putre- 
factive products of flour and yeast. It is a strongly alkaline 
liquid (B. P. 18*7' C.) with an ammoniacal odour. 

Dtethylamine [{C^^^IS] occvirs in fish exposed for some days 
to the air, and in decomposing meat extract and sausages. It* is a 
volatile imflammable liquid, which is very soluble in water. It 
can be separated from ethylamine by treating the mercuro- 
chlorides with acetic acid, in which the diethylamine salt is 
insolubla It boils at 575' C. 

Triethylamine {(f^^^^^ has been foimd accompanying ethyl- 
amine and diethyktmine and bases such as neuridine and gadinene 
in the products of the putrefaction of peptones and of fish. It is a 
strongly alkaline, inflammable liquid boiling at 89° to 89*5* C. It 
is slightly soluble in water, and is precipitated from its solutions by 
mercuric salts, and by salts of copper, lead, iron, etc. The auro- 
chloride soon darkens from its reduction to aureus chloride. 

PROPYLAMINES [CjH^N] 

have been found in decomposing cod liver and putrid gelatin. 
Their salts increase the secretion of the sweat glands. 

Kormal propvlamine [CHj.CHa^CHj.NHj] is a mobile am- 
moniacal liquid (B. P. 78° to 82° C.) soluble in water. Its platino- 
chloride forms monoclinic crystals. 

Isopropylamine [(CH3)2.GH.NH2] is a liquid with an ammoniacal 
odour. It boils at 32° C., and is soluble in water. Its platino- 
chloride crystallises in orange plates. 

BUTYLAMINES [C^Hj^-NH^]. 

A butylamine was found by Gautier in the water in which cod 
livers had been kept. On injection it produced stupor in small 
doses, and muscular paralysis and convulsions in larger doses. 
Its salts increased the activity of the renal glands. 

Normal butylamine is a liquid boiling at 76° C, and soluble in 
water. It reduces alkaline solutions of copper and silver. Its 
platinochloride crystallises in yellow plates which are fairly soluble 
in water. 



AMYLAMINES [CjHii.NHJ. 

Several o[ the amines with this composition have been ii 
From cod-liver oil Gautier* ertraoted one which he found to form 
about two-thirds of the total haaes in the oil. From its composi- 
tion it appeared to be iBo^lmylamille [(CHg)g.CH.CH,.CHj.NllJ. 
It was a colourless, mobile liquid with a diBf^rceablo odour aud a 
specific gravity at 0° C of 0-797. It attracted carboii dioxide 
from tlie air, and formed a very soluble hydrochloride. When 
injected into a dog it produced convulsions, dilation of the pnpil 
of tlie eye, aud feeble respiration and pulse. 

HEXYLAMINE3 [CgHjj.NHJ. 

These Imve also been found iu cod's liver and in putre^Dg 
yc.ost. They are lens poisonous than the amylamines. 

Normal heiylamine [CHa.CHj.CH^.CHj.CH^.CHj.NHJ b m 
liquid boiling at 129° C. Its hydrochloride crystallises in humus', 
and its platinochloride in scales. 



ETHYLIDENEDIAMINE (I) [CaHgNJ. 

A ptomaine was extracted by Briegor from putrid fish, which at 
first he regarded as ethjleaediamine [NHjCHj.CH^.NHj], hut 
which he subsequently found was not identical with syntheUoally 
prepared ethylenediamine. Its hydrochloride crystalUsea iu lontf 
needles, which are very soluble. It is poisonous, producing, tm 
injection, lethargy, dilation of the pupil of the eye, iucr«aMd 
secretion of the glands of the eyes, nose, and mouth, and death 
after twenty-four hours. 

TRIMETHYLENEDIAMINE (J) [C,H„NJ. 

Briegert isolated from a cultivation of Koch's comma baotUtia « 
liase with the above empirical formula, which vma poeeibljr 
trimethylenediamine [NHj.CHj.CHj.CHj.NHj]. It was accom- 

Knied by cadaveHoe and kreatinine, from which it was separata! 
the following method : — The total bases were precipitated with 
an alcoholic solution of mercuric chloride, the mercury reraov«I 
from the inrecipitate, and the l>ases precipitated with sodium 
picrate. The picratee were treated with boiling absolute alcohol, 
which dissolved the cadaverine picrate. The residual bases were 
" Lt Toxiitti, p. 78. 
t C/nUrtueh. M. FtamaAnt, i. p. 45 oad ii. p. 
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converted into platino-chlorides, of which that of kreatinine, being 
much more soluble, could be washed out. 

The trimethyleaediamine (t) also gave a fairly insoluble precipi- 
tate with gold chloride. It waa very poisonoua, producing, on 
injection, mueoular twitchings and convulaione. 

PUTRESCINE or TETRAMETHYLENE-DIAMINE [C,H„NJ. 

Thie base was found by Brieger* in the putrefactive producta 
of flesh. It was accompanied by csdaveriiie and neuridine, and 
was abundant after the eleventh day. In putrefaction, neuri- 
dine appears to be formed firat, and to be replaced by cadaverine 
and putresciue. It has also been found in cultivations of B. colt 
commtmu, and in decomposing solutions of gelatin. 

Separation from Neuridine and Cadaverine. — The platino- 
chlorides of the three bases are treated with cold water, in which 
that of putreecine is but slightly soluble. It dissolves in hot 
water, but crystallises out before that of cadaverine. The free 
bases are obtained by treating the platino-chlorides with hydrogen 
sulphide, and distilling the hydrochlorides formed with sodium 
hydroxide. 

Pnypertiet and Reactions. — Putresciue is a clear, mobile liquid 
with a characteristic odour resembling, to some eiteut, that of the 
pyridine bases. It absorbs carbon dioxido from the air with 
avidity, forming a crystalline carbonate with the same unpleasant 
smell. It boils at about 13S° C. (Brieger), hut when perfectly 
free from water at 158° C. (Udransky and Bauniauu). It molts 
at 27°-28° C, after being crystallised in a freezing mixture. It 
is only volatile with difficulty in a current of steam. 

Brieger gives the following summary of the reactions of the 
free base: — 

I^of^tottmgtlU add, . , White precipitate, lolubte in exre$i. 

no^Aomotybdie add, . Yellow precipitate. 

/UoMtum mercury iodide, . Oily precipitate, afterwtrds bocomiug crystal- 

DutaMnum t/itmuth iodide, Dn. ilo. 

Polamum cadmium iodide, , Do. do. 

Ptme aeld, .... Yellow needle*. 

Tannie aad, , Dirtj, white preci[iitate. 

It forma crystalline salts with acids. The hydrochloride 
[C,H,jNy2HCl], 
which forms loi^ colouriess transparent needles, is non-hygro- 
scopic, Yery soluble in water, soluble with difficulty in dilute 
alcohol, and insoluble in absolute alcohol. 

* JFeitere UnUrtuA. Ub FttmMfiie, il. p. 13. 
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Tlie pliitinocbloride [C,H,jNr2HClPtClA whicL is nearly 
insoluble in wal«r, crystalliBea in beiagonal Boperposed plat** 
Piilreacine itself ia not poisoDouB, but iU tetrainetbyl-derivati¥« 
[C4t[„(CHj),N^l ia exceedingly toxic, producing similar effecM 
to those cuuaed by ueurine and muBcorine. 

Udransky nud Baumann consider that putrescine is derived 
from the oxidation of ethylamine. 

2rcn,,CHj.NHJ+0= I +H,0. 

CHj.CHyNHa 

CADAVERINE OR PENTA METHYLENE- DIAMINE 
[CjHi^Nj] or [NHs.CH3.CHyCHj.CH2.CH5.NHJ. 

This baae, to which Brieger assigned the formula CjH,jN„ 
hits been proved by Ladenburg to contain two atoms of hydrc^en 
less. It appears to develop between the third and fifteenth day 
of the putrefaction of flesh, and baa been found in fresh pancreas 
extract. It ia often associated with neuridine and putreaoiiui^ 
appearing before these disappear. 

Separation/ram Pvtraieine and NeuruHne. — Brieger precipitated 
the hydrochlorides with an alcoboUo solution of mercuric chloride. 

The platinocbloridee were prepared and fraotionally crystAUiseda 
those of cadaverine and putrescine being but little soluble, whil« 
that of neuridine is much more soluble. On treating the more 
insoluble platinochlorides with hydrogen sulphide the liydrocblor- 
ides are formed, and on treating these with hot alcohol (96 pet 
cent.) cadaverine hydrochloride b dissolved. 

Properties and Beactions. — Cadaverine is a tranaparent, riscid 
liquid, which fumes in the air, and rapidly absorbs carbon dioxidd^ 
solidifying to a crystalline mass. It boils at 115* to 130* C. 
(Brieger), and at 175° to 178' C. when dehydrated. It has an 
penetruting odour, resembling that of piperidine. 

The chief reactions of the free base are — 



FSaaphotungilie acid, . 
notpumoiybdie arid, . 
FluirplUiatitimtmic acid, 
AdMriuM NMfniry iodide, 
iUowHun mdmivm ioditU, , 

JVamium bitmalh iodide, , 
Iodine in wfcun'uni icdidt, . 
Hcrie acid, .... 

TWoui'un ferrteyanid* and 
ferric diitridt, . 



Wlute precipitAte, rcadilj ulablB ia tt 

Do. do, da> 

Wliito crTiUlling (iredpiUtc 
BMinoui pmipiteta. 
Beat nous precipttato, gradiuIlT 
grualu. 
I- Broirn precipitaU. 
Teltoir QMdlca. 
Wbita UBorphoDS pnei|atate 
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The hydrochloride [C5H14N2.2HCI] crystallises in deliquescent 
needles, which are soluble in water, and moderately soluble in 
alcohol. It gives yellow needles with picric acid, and brown 
needles with iodine in potassium iodide. With iron chloride and 
potassium ferricyanide it gives a faint blue colour. 

The platinochloride [C5Hi^N2.2HCl.PtClJ forms reddish-yellow 
prisms, which are moderately soluble in cold water. 

On dry distillation cadaverine is decomposed into anmionium 
chloride and piperidine (CgHjiN). 

It has little or no effect in small doses, but when injected in 
large quantity into mice is poisonous, a post-niortem symptom 
being that the coagulation of the blood is retarded. 



NEURIDINE [C^Hi^NJ. 

This base, which has the same empirical formula as cadaverine, 
is formed during the first five or six days of the putrefactive de- 
composition of meat, fish, albumin or gelatin, and reaches its 
maximum on the eleventh or twelfth day. It is also found 
among the products of the cultivation of Eberth's bacillus. 

Brieger's Method of Isolating NeuritUne,* — The finely-divided 
flesh was left to putrefy for five or six days. * The mass was then 
extracted with hot water slightly acidified with hydrochloric 
acid, the extract filtered, concentrated on the water-bath to a 
sjmip, and repeatedly extracted with alcohol. The alcoholic 
filtrate was precipitated with mercuric chloride, the precipitate 
decomposed with hydrogen sulphide, and the liquid filtered. The 
filtrate, on concentration on the water-bath, yielded long needle- 
shaped crystals of neuridine hydrochloride, which were purified 
by recrystallisation from small quantities of hot dilute alcohol. 
When choline was also present, its hydrochloride remained in the 
mother liquid. It could also be separated from neuridine hydro- 
chloride by the readiness with which it dissolved in absolute 
alcohol. 

Properties and Reactions. — Free neuridine is insoluble in 
absolute alcohol and ether, soluble with difficulty in amyl 
alcohol, but readily soluble in water. It is unstable, and its 
solution slowly decomposes, even when concentrated in vacuo. It 
gives white precipitates with mercuric chloride, and with normal 
and basic lead acetate. The hydrochloride [C5H14N2.2HCI] is 
very soluble in water. It gives the following reactions. 

* UnUrsuch, Ub. Ptam., Pt. L and it., pp. 18 and 19. 

U 



PAoaphoiungriie aeid, . 

Fhosphomolybdie acid, . 
P/uisphoaiUimonie add, 
Pici-ie acid 
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White UDorphoiu pradpitote. Solable in 

. White WTBtallinB pred^Ute. 
. White floccDleat [ireaipiUte. 
. Predpitste iloirly kppurs. Soon ctluing«a to 

yellow needlei. 
. Bed unorphoug preuipittte. 
. CrrBtolline pncipitste. 

It gives no precipitate with mercuric chloride in aqueous solu- 
tion, witli taunic acid, with Friihde's reagent, or with a mixture of 
potassium ferricyauide and ferric chloride. 

The picrato [C5Hi,jr2.2(CaHj{NO,)jOH)] is very soluble. The 
platinochloride [C5HnNj.2HCl.PtClA which crystallises in needles, 
b soluble in water, and precipitated by alcohol. 

Neuridine appears to be without physiological action. It occurs 
as a Icucomainu in undecomposed animal tissues, in egg yolk, elc- 



SAPIUNE C^IIuX, (GautierX CjHigN, (Brieger). 

Tliis base, which appears to be isomeric with the two preceding 
ptomaines, was isolated by Brieger from decomposing human flesh. 

hdation and Separation frura Cailaverijie and Pulregdne. — 
The hydrochlorides arc dissolved in hot alcohol, in which that of 
putrescine is less soluble. The filtrate is slightly concentrated, 
and platinum chloride added. The cadaverine platinochloride 
crystallises out first in an almost pure state, and then, on con- 
tinued conceutratiou, the sapriue platinochloride is gradually 
deposited. 



o./m 



./™ 



Cadaverine, 

Cadatbbikk. 
Solable with difficulty i 

water. Crjatallieet i 

Thomhs. 
Orwiiwll; deliqaeices od e: 






Batrivm. 

Reftdily eolnble i 

CrjsUlluet in 

Cryitalliteeiu bmwl Deedin, 
which do not deliqiuKe 
ia the sii. 

Is not formed an addiDt 
gold cUwide to tlu Bola- 

Propertieg and Seadiow. — Saprine can be distilled unchanged 
iu a currcat of steam. It has a faint odour of pyridine. It 
resembles cadaveriue in most of its reactions, but forms with 
[><jta.ssium bi:4muth iodide an amorphous instead of, like cadaverine, 
a crystalliue precipitate. The pure base gives an iotense blue 
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coloration with ferric chloride and potassium ferricyanide. It is 
physiologicaUy inactive. 

The base Oerontine has the same composition as saprine. It is 
a leucomaine found in the hepatic glands of a dog. 

ni. — Triamines and Tetramines of the Fatty Acid Series. 

No ptomaines which can be classified under this head have, as 
yet, been described (Gautier). 

GUANIDINES. 

Various ptomaines with the constitution of guanidines have been 
described, such as methylguanidine, glycocyamidine and propyl- 
glycocyamine, but with the exception of methylguanidine they 
have only been found among the products of pathogenic bacteria, 
and not as putrefactive bases. 

METHYLGUANIDINE [CgHyNg or NH : c/^h:CH 1 

was isolated by Brieger from putrefied horseflesh, and by Bocklisch 
from decomposed beef extract. It has also been found in pure 
cultivations of various bacteria, such as those of mouse septiceemia. 

Properties, — The free base is crystalline, deliquescent and very 
alkaline. Treated with potassium hydroxide, it gives off ammonia 
and methylamine. 

The hydrochloride [CgHYNg.HCl] is insoluble in alcohol. The 
platinochloride [(C2HYN3HCl)2.PtCl4] forms rhombic crystals, which 
only dissolve with difficulty in water and alcohol, but are readily 
soluble in ether. The picrate is a resin-like substance, which is 
only sparingly soluble. 

Methylguanidine is very poisonous, and, on injection, produces 
muscular trembling, convulsions, dilation of the pupil of the eye, 
paralysis and death. 

AROMATIC PTOMAINES NOT CONTAINING OXYGEN 

I. — Aromatic Monamines. 

PYRIDINE [C,H,N, or N^^g ; cS^CH]. 

This has been found among the decomposition products of 
proteids. It is a colourless liquid with a characteristic odour.. 
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It boils at about 11C° C, and is mieciblo with water. It forms a | 
pale blue precipitate with copper sulpbate, which diisolvea in wi 

eiccBs of the base. 

COLLIDINE or TRIMETHYLPYRIDINE (1) 
[C3H.NorN<^g^.:CCl^^CH.(t)] 

was separated by CEchsner and Coninck from putrid cuttle-fish. 

It is a yellow liquid with an acrid odour. It is slightly soluble in , 

water, and readily soluble in alcohol, ether and acetone. Ita 

density is 0-986, and ite boiling-point 1S8°C. 

The hydrochloride is crystalline, deliquescent, and very soluble. 
The platinochloride [(CgHiiN.Ha)j.PtCl4] forms red crystala, 

which are readily soluble in hot water. It is very potsouous. 
Kencki extracted from putrefied gelatin, a ht^ with the same 

composition. 

PAKVOLIlfE [C^i,N]. 

Tliia poisonous pyridine baae was discovered by Gaiitier and 
Stard in hoiseSesh which had been exposed for several months in 
hot weather. 

It is an oily amber-coloured substance, boiling above 200° C. 
It is slightly soluble in water, and very soluble in alcohol, 
ether and chloroform. On exposure to the air it turns browo. 

The platinochloride is precipitated as a crystalline mass, which | 
turns brown on exposure to light and air. It does not dissuWe ] 
readily. 

COHINDINE [CioHijN]. 
A base with this chemical composition was isolated by C 
together with collidine from putrefied cuttlefish. It is a yellow, 
Eomewhat viscous liquid, which boils at about 330" C, and has m 
disagreeable odour. It is soluble in alcohol, ether, and aceUme, 
but only slightly soluble in water. On eiposure to the atr it 



The hydrochloride forms deliquescent needle-shaped crystals, | 
which are very soluble. The platinochloride is a reddish powdor, 
insoluble in water. 

Corindine is poisonous, causing paralysis on injection. 

DIHYDEOCOLLTIUNE [C^H^N]. 
This base was discovered by Gautier and Etard in 1861 in [ 
f utrefied meat and fish, where it was accompanied by aomo of Um 
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pyridine bases mentioned above. It is a nearly colourless, slightly 
oUy liquid with & penetrating odour. It attracts carbon dioxide 
from the air, forming a ciyBtalline carbonate. It boils at about 
208* C, and baa a density of 10296 at 0* C. The hydrochloride 
crystallisee in fine needles, which are veiy soluble in alcohol and 
ether. The platinochloride forms pale yellow, curved crystals, 
which are not easily soluble. 

On injection this ptomaine produces stupor, muscular paralysis, 
GOQTulsions and death. 

DIHYDEOLUTIDINE [CjH„N]. 

This was found by Gautier and Marguee in ood-Iiver oil. It ia 
a colourless, oily liquid, strongly alkaline, and with a strong but not 
unpleasant odour. It absorbs carbon dioxide from the air. It 
boils at 199° C, and is slightly soluble in water. 

The hydrochloride is crystalline, and very soluble, but not deli- 
quescent. It is partially dissociated at 100° C. 

The platinochloride crystallises in yellow plates, and occasionally 
in fine needles. 

This ptomaine is very poisonous, producing, on iqjection, mus- 
cular trembling, partial paralysis, ajid asphyxia. 

BASE [C^H„N]. 

A ptomaine corresponding in composition with this formula was 
extracted by Delerinier from putrefied flesh. It is an oily, nearly 
colourless liquid, readily oxidised on exposure to the atmosphere. 
It resembles the alkaloid veratrine in its physiological effects. 

II. — Aromatic Diaminea. 

MERLUSINE [CgHuNJ. 

Found by Gautier in cod's liver and in the water in which it 
had been kept. It is an oily, alkaline liquid, somewhat soluble in 
water and very soluble in ether. It forms a crystalline acetate 
and platinochloride. 

III.— Aromatic Triammea. 
MORBHUINE [CigHj-N.] and HOMO-MORRHUIKE 

These bases were foimd by Gautier in the part of the bases of 
eod-liver oil which were soluble in ether. 
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Morrhnine is a viscous yellow oil, with a sweet odour and alkaline 
reaction. It precipitates copper from the solutions of its salts, but 
the precipitate does not dissolve on adding an excess of the base. 
The hydrochloride, which is very deliquescent, crystallises in 
stellate groups. The platino-chloride forms microscopic needles. 

Homo-morrhuine closely resembles morrhuine in its properties. 
It is a viscous base of a yellow colour, and forms well-defined 
crystalline salts. The platinochloride [(C2oH29NjHCl)2.PtClJ is a 
yellow salt readily soluble in hot water. 

According to Gautier these two bases constitute more than a 
third of the total bases of cod-liver oil. They are but little, if at 
all, poisonous, but have marked diuretic and stimulating properties, 
and Grautier considers that part of the physiological action of 
cod-liver oil is to be attributed to their presence. 



lY. — Aromatic Tetramines. 
NICOMORRHUINE [CjjoHggNJ 

Gautier found this base accompanying morrhuine and homo-mor- 
rhuine in cod liver which had been exposed to * fermentation ' before 
the extraction of the oil. It has the same percentage composition 
as nicotine CiqHj^Nj, but from the composition of its platino- 
chloride Gautier doubled the formula. 

Properties. — It is a viscous oil with a faint odour of tobacco. It 
is slightly soluble in water, and has a density of about 1. Its 
hydrochloride crystallises in nacreous plates, which are very soluble 
in water, but not very deliquescent. 

The platinochloride [C2oH28N4.2HCl.PtClJ forms a flocculent 
brick-red precipitate insoluble in water. 

This ptomaine is somewhat poisonous. 

ASELLINE [C25H82XJ. 

This is another base isolated by Gautier from cod-liver oil. 
On separating the basic substances of this oil by distillation, a 
brown residue is obtained, from which the morrhuines and nico- 
morrhuine can be extracted with ether. The insoluble portion 
contains a large proportion of a base with the above formula. 

Properties and Reartions. — The free base is an amorphous, greyish 
mass emitting an aromatic odour on warming. Its density is about 
1 '05. It is slightly soluble in water and ether, very soluble in 
alcohol. It combines with acids to form crystalline salts. 
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Its reactions may be summariaed thus ; — 

Sulphuric aeidf . . Eose coloration, changing to brown. 

Hydrochloric acid, , Small crystals arranged in an X- form. Bitter taste. 

Gold chloride, . . . Gives a salt which is decomposed on treatment with 

boiling water. 

Mercuric chloride, . White precipitate, solnble on heating, and deposit- 
ing as a crystalline mass on cooling. 

Platinum chloride, . Yellow or orange precipitate, dissolving without 

alteration on boiling. 

Gautier states that aselline composes about one-fifteenth of the 
total bases of cod-liver oil. Physiologically, it produces stupor and 
respiratory troubles in small doses, and convulsions and death 
when injected in larger quantity. 

SCOMBRINE [CiyHggNJ 

was found by Gautier and ifetard in the mother-liquid left on filter- 
ing oflT hydrocollidine platinochloride, obtained during the putre- 
faction of fish, especially the mackerel. The platinochloride 
(Gi7H^N^.2HCl).PtCl4 crystallises in yellow neediea 

PTOMAINES CONTAINING OXYGEN OR SULPHUR. 

Gautier subdivides these into three groups — (i.) Neurinic bases ; 
(ii.) Aromatic bases containing oxygen ; (iii.) Amides or acid amides; 
and (iv.) Carbopyridic acids. 

I. — Neurinic Bases. 

The ptomaines allied to neurine which have been found in the 
producte of putrefaction are choline, muscarine, mytilotoxine (in 
poisonous mussels), a base with the composition C^Hj^NOo, 
bctaine, gadiuene, and mydatoxine. 

NEURINE [C5H13NO]. 

This base was discovered as a ptomaine by Bricger, who found 
it in the putrefaction products of flesh towards the fifth or sixth 
day, together with other bases, including neuridine and muscarine. 

It appears to be formed in putrefaction from choline [G^Hj^NOo] 
by the loss of a molecule of water. Choline, itself, is a decomposi- 
tion product of lecithins, and is very unstable, being converted 
into neurine by heat or by the action of acids or alkalies. When 
the lecithins of the brain are acted upon by acids or bases, both 
choline and neurine are formed. Liebreich (1869) found that 
impure cerebral lecithin yielded neurine when heated for twenty- 
four hours with barium hydroxide. 

In composition it appears to be a hydroxide of trimcthyl-vinyl- 

'CH=CH2 
.OH. 



ammonium (CHg)^ N<^ . 
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Pi-operl-ie» and lieacfinm. — ^The free base is a a^py liquid, with 
a very alkaline reaction, and giving off fumes on contact with 
hydrochloric acid. It ia soluble in water, and is only rumoved in 
Hinall proportion from the solution by. ether, petruleimi spirit, 
chloroform, and amyl alcohol. When concentrated solutions am 
boiled a small quantity of trimethylamine is evolved. 

Neurine chloride [C^Hj^Na or CjHigNO + HCl - HjO] crystal- 
lises in fine needles, which are very hygroscopic, 

Brieger ^ves the following table of its reactions with different 



Fho»pho77V)lybdie acid, < . 
PlliapKolv.ngaie add, . , 
PkotphoanlimmU add, 
iMoMum mnvury iodiiU, . 
/ViIOMiuni. birmuth iodide, , 
pBloMium eadmium iodide. 
It in puloMiuv* iodide. 



White cryat»IliDB precip)t»to, soluble in «xeeM. 

VolniDinous while precipitsts. 

VclDtnitioiu yelluwuh-wliiM pneiiiit&te. 

Amorphous ted preciuitat*. 

White precipitate. 

Amorphous brown precipitate. 

Timnin Voltminous dirtj-white precipitat*. 

ilfcuric chlpriiU, . . . White granular precipitate. 

Neiirine is extremelypoisonous, thesj-mptoms varj-ingsomewlint 
with different animals. Speaking generally, it produces salivation, 
and ejaculation of other secretions. The pupils of the eyes are 
often contracted. In fatal doses there are sudden convulsiooa, aitd 
death rapidly ensues. 

Atropine has been found to be an active antidote, but tieurine 
does not appear to be antidote for atropine. 

CHOLINE [CsHu,NOJ. 
This base was first found by Strecker in bile, and also 
occurs as a normal constituent in the blood, luusele* and 
glands of animals, and in extracts of various vegetable substancva 
(e.j}., certain fungi). It is formed, together with neurine, in Uio 
products of the decomposition of lecithins, by acids or alkalies. 
Wurtz prepared it synthetically from trimethylamine and 
the iDonochlorhydriit of glycol. According to Baeyer it is th« 
hydroxide of tri me thy 1-oiy ethyl- 



[(CH,),N<gH»-^^»-<<*S' 



\0H. 

Separalimt of Cliolmt from Neurine. — Choline chloride ta not 
precipiuted by tanuic acid, whilst ueuriue chloride is precipitat«d. 
Un the other hand, phosphotungstiu acid gives a precipitat« witJi 
choline chloride, but not with neurine chloride. 

S'^ralion of Choline from Neuridiri^. — On the addition of 
picric acid to the solution of the mixed chlorides, neuridine ptent« 
is immediately preripitalcd, while choline picrate remains in solu- 
tion, and is only prvuipttated on concentnitiiig the filtrate. 
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The auiochloride of neuridine ia also much leas soluble in water 
than that of oboliue. 
Properties and Readiont. — The chloride of choline 



KCHJ.N<gf.(™)] 



forms Tery deliquescent needles, which are soluble in absolute 

alcohol. It gives the following reactions (Brieger) : — 

Pko^holangtUc acid, , . White precipiUte. insalnbls in water, B«oomM 

cry still ine an itanding, 
PhatphoTnolyidic atid, . VoIiimiDouB precipitate. 
PAo^koanlimonieadd, . Whits coseuBi pmipitate. 
Fotatritun merairy wdidt. Tellow crjitalline precipitate. 
Potauium bUnmih iodide, B«d amorpbona precipiutd. 
Icdine in potassium iodidt. Brown gisnutKr precipitate. 
Hfrmirie Aloride, . . , White grsnHlar piecipitate. 
Tannin, Nil. 

Free choline is a syrupy liquid, very soluble in water. In a 
2 per cent, solution it dissolves fibrin and coagulates albumin. 
When mixed with a large amount of water it is gradually trans- 
formed into neurine. Oxidising agents, such as dilute nitric 
acid, convert it iuto oxycholine or muscarine [C.Hj^NOj], betaine 
[aH,iXOJ, and oxyneurine [CbHi.NO.I. 

ThepIatmochloride[((CHg),)C,H,.OH(NCls)j.PtClJistrimorpliic 
in form, crystallising in plates, octabedra, or prisma. It invari- 
ably contains more or less water, which it does not lose at 110* C. 
It melts at 232° to 240° C. 

The aurochloride forms yellow needles, which dissolve with 
difficulty in water. 

The mercurochloride[CjH„NOC1.6HgCy ismuch less soluble 
than the corresponding salts of putrescine and cadaveriue, a pro- 
perty which can be used to separate choline from these and 
certain other ptomaines. The alkaline extract of the bases is 
slightly acidified with hydrochloric acid, the liquid filtered, and, 
after neutralisation of the excess of acid, evaporated in vacuo. 
The dry rtwidue is taken up with alcohol, and an alcoholic solution 
of mercuric chloride added to the liquid. The precipitate, when 
recrystallised once or twice, is obtained in crystalline needles, which, 
when deoompoeed by hydrogen sulphide, give choline chloride. 

ChoUne resembles neunne in its physiological effects, but ia 
much weaker in its action. Atropine is an antidote. 

MUSCARINE [CsHijNO,] 

was found by Brieger associated with etbylidenediamine (f), 
neuridiuG, gadinene, and trimethylamine in putrid fish. It has beou 
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isolated from poisonoiis muBhrooms, and ia formed artificially by 
the oxidation of choline. In compoeition it agrees with the formula 

Brieger's Method of Separating Musearine. — The alcoholic ex- 
tract of the putrefaction products is precipitated with mercuric 
chloride, in order to separate the choline and neurine. The 
filtrate is treated with hydrogen .sulphide to remove the mercury, 
and filtered. The filtrate is concentrated, after neutralisation 
with sodium hydroxide, and the syrupy residue taken up in 
alcohol and mixed with an excess of platinum chloride. The 
plfttinochloride of neuridine crystallises out firBt, and is filtered 
off. On conceotrating the filtrate, the platinochloride of ethyli- 
dene diamine (I) crystallises out, and on further evaporation, 
that of muscarine. This third precipitate, on treatment with 
hydrogen sulphide, gives the hydrochloride, which ia converted 
into the sulphate by treatment with silver sulphate, and the latter, 
when decomposed with barium hydroxide, gives the free base. 

Properties and Reactions. — Muscarine forms coloiu-less, deliques- 
cent crystals. It is extremely alkaline, and absorbs carbon dioxide 
from the air. 

The platinochloride. [(CsH,.N02Cl)j.PtCl,.2H„0] crystallises in 
well-defined octahedra, which are sparingly soluble in water. 
The aurochloride forms needle-shaped crystals, which are nearly 
insoluble. 

Muscarine is very poisonous, producing, even in small doses, 
salivation, contraction of the pupils of the eyes, diarrhcea, eonvul- 
siuiis, aod death. The action of atropine is antagonistic. 
BETAINE [CjH„NOJ. 

This base is formed, together with muscarine, in the artificial 
oxidation of choline. It was found by Bdeger in large quantity 
in both wholesome and poisonous mussels. It can be prepared 
synthetically by treating glycocoll with methyl iodide, dissolved 
in methyl alcohol, in the presence of potassium hydroxide ; also 
by the action of trimcthylumine on chloracctic acid 

(CH,)„ : N + CHX1.C00H = CH, : T<i/^^^^^ ^ HCL 

Properties an-l Jiea^iioni. — The free base [C.Hj,NOg] forma 
brilliant crystals, which are deliqucHcent and dehydrated at 100° C. 

The hydrochloride crystallises in monoclinic plates, insoluble 
in nl)Holutc alcohol. 

Tlie platinochloride [{CjTT„NOj.HCl)».PtCI^. + 4HjO] is soluble 
in water. 
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The mercurochloride is- very soluble. The aurochloride dis- 
solveB with difficulty in cold water, but can be crystallised in 
plates from its solution in boiling water. 

Betaiue causes a slow reduction in a solution of potassium ferri- 
cyanide with ferric chloride. 

Physiologically it appears to have no definite action on the system. 

HOMO-PIPEEIDINIC ACID, OR S-AMIDaVALERIC ACID 

[C(H„NOJ. 

Thb base, isomeric with betaine, was isolated by £. and H. 
Salkowski from the products of the putre&ction of meat fibrin. 

It crystallises in needles, which melt at lCi6° C, and dissolre 
readily in water, but only with difficulty in alcohol. It is not 
precipitated by copper acetate or by ommoniacal silver nitrate. 
According to Gabriel and Aschau it is identical with S-nmido 
valeric acid synthetically prepared. The hydrochloride is crystal- 
line, and very soluble in water and concentrated alcohol. 

It is non-poisououB. (Cf. p. 321.) 

MTTILOTOXINE [C^H,jNOj]. 

This base was isolated by Brieger from poisonous mussels in 
the following manner : — The flesh was extracted with boiling 
water containing a trace of hydrochloric acid. The extract nas 
evaporated to a syrup, exhausted with alcohol, and the filtered 
solution treated with lead acetate to remove mncilaginoiis 
substances. The filtrate from this precipitate was evaporated 
to dryness, the residue taken up with alcohol, the lead re- 
moved by treatment with hydrogen sulphide, the alcohol 
evaporated, and the residue dissolved in water and decolonaed 
with animal charcoal. The filtered solution was neutralised with 
Bodium carbonate, then acidified with nitric acid and precipitated 
with phosphomolybdic acid. The precipitate was decomposed by 
heating it with neutral (normal) lead acetate, the liquid filtered, and 
after removal of the lead, and addition of hydrochloric acid, evapor- 
ated to dryness. The residue was taken up with absolute alcohol, 
which left a little betaine undissolved, and precipitated with 
alcoholic mercuric chloride. The mercurochloride was purified by 
recrystallisation from boiling water, and finally converted into 
mytilotoxine hydrochloride by treatment with hydrogeii sulphide. 

Its composition is doubtful, but it is possibly a methyl deriva- 
tive of betaine. 

The hydrochloride crystallises in tetrahedra. The aurochloride 
melta at 182° C. 

With regard to the physiolc^cal properties of mytilotoiine, 
see under 'Mussel Poisoning,' p. 221. 
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MYDATOXINE [CsHijNOjl. 

This base waa isolated by Brieger from faorsefleeh which had 
been left to putrefy for nine to fifteen months. It was accom- 
panied by eadftverine and putrescine, and by a haae with tho 
formula CjHuNO,. 

Brieg&i't Method of IsoUding Mydatoxine. — Tho bases were pre- 
cipitated aa inercurochlorideB, and the precipitate orystaUised 
from boiling water. The mercurocbloride of cadaverino separated 
first, and was filtered crff. The filtrate was treated with hydrogen 
sulphide to remove mercury, filtered and evaporated, and tho 
residue taken up with absolute alcohol, which left undissolved the 
hydrochloride of putrescine. The alcohol was evaporated and the 
mydatozine precipitated as aurochloride, which was converted into 
hydrochloride by means of hydrogen sulphide, and this, when 
left in contact with silver oxide, gave the free base, 

Prnpertiet and Beactwng. — As thus obt^ned, mydntoiine is an 
alkaline, viscous hquid, which solidifies in plates on evaporation 
ifi vaetio. It is insoluble in alcohol and ether, and nonvolatile. 

Its reactions are : — 



HelU abont 

jsr a 

- Gire ptecipitatei Kilubl« in boiling wkler. 



Qald tklarUt, 

UerearU chloride, . . . 
folnitlum/crrii-yanidt and 



The relation between mydatoi 
expressed aa in the formula : — 



Baptd reductian takes p1*ce. 

and mytilotoii 






/rn \ w /CH.CH.CH,OR 
(CH,)^ *\0H 

mytilotoxine, 
large doses, causing diarrhcea and 



mydatoiine. 

Mydatoxine ts poisonous i 
convulsions. 

GADIXENE [CjHijNOg] and METHYL-GADDfENE [CgH,(,NOj. 

These bases, which appear to be hoinulogues of mytilotoxine, 
were extracted by Brieger from putrclietl fish, especinlly cod. 
They were attconipanied by muscarine and ethylidcneilinmine (I), 

The more soluble platinochloridea were concentmted in the 
mother liquid, and after removing the muscarine salt the gadinene 
platinochlorido vraa obtained in yellow platelets, which, on treftt 
ment with hydrogen sulphide, yielded the hydrochloride. 

PropertiM and Seaetwtu ^ Oadinene. — Tlie platinochIofid«, 
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when once deposited, can only be rediesolved with difficulty. It 
melte at 2 1 4° G. The hydrochloride forma large, colourless needles, 
which are very soluble in water, but insoluble in alcohol. 
Aurie ehloride, . , . No pNoIpitate. The tnro-ohlorids U ftpparently 

Dot bnned. 
PUritaeid, ....") 

Phctphctimgttic acid, . y Cr;«t«lliiie preotpiUtas, only ipwliigly solnble. 
Fifi^>!iomoli/bdic acid, , ) 

Gadineno has not marked poisonous properties. Gautier states 
that it is isomeric with typhotoxine. 

Methyt-gadmene, which has also been found associated with 
mydatoxine in decomposed horseflesh, produces symptoms of 
tetanus when injected in sufBcient quantity. 

MYDALEINR 

This base was found by Briber in human flesh after seven 
or eight days of putrefaction, being accompanied by ueuridine, 
choline, codaverine, putrescine, and saprine. It increases in 
quantity up to the twenty-fourth day of decomposition. 

From Briber's incomplete analysis of the platinocbloride it 
appears to be a diamine, containing 4 or G atoms of carbon. 

Since ito mercurochloride was only insoluble in the strongest 
alcohol, it was impossible to completely separate it by the usual 
method. Advantage was therefore taken of the greater solubility 
of its platinochloride. 

The hydrochloride crystallises with difficulty, and readily 
decomposes in the air. It gives the subjoined reactions : — 

Flalitwm chloride Microacopia nsadln. 

Ootd chloride, Oily dropt. 

fhoaphomolyhdie aeid, .... Yellow monihooa preoipitftte. 
Photplioltingstie acid, .... White precipitate, Minole in eioeRs, 
FoUutium mereury iodide, . . . Oily yellow drops. 
Fotatlium bitmuth iodide, . . .1 ru j.„ k™—,, ^ii 
Mi«^inpoU^umiodid^, . J Dirty-brown oa 

JHerit aeid, Yellow oiL 

Fotatti^im /errie}/ajiide and inm 

chloride, Immedimta intMue blae ooloratioii. 

Mydaleine 'm poisonous, producing dilation of the pupils of the 
eyes, aaUvation and tears, fever, diarrhasa, and paralysis. 

BASE [CjH„NOJ. 

This ptomaine, isomeric with gadinene and typhotoxine, was 
found by Briber in putrid fleeh, in association with myda- 
toxins. 

Its hydrochloride forms fine needles, insoluble in strong alcohot 
The auro-chloride [(C7Hj,H0^HCl).AuClJ is dimorphous, and melts 
»t 176* G. It gives a precipitate with copper acetate in the cold. 
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It does not appear to be an amido acid, eince, although it has an 
acid reaction, it doee not give a red coloration with ferric chloride 
(Hoffmeiater'e reaction). 

It ia poisonous, causing, on injection, first coDtiaction and then 
dilation of the pupils, salivation, convulsive trembling, and death. 

II. — Aromatic Ptontainea containiiig Oxygen. 
TYEOSAMINES [C^H^^O; CgHi^NO; CgH„NO]. 

Gautier isolated these bases from cod's liver which had been 
kept in barrels, together with nicomorrhuine, amylamine, etc 

Qautier'a Method of Separation. — The bases produced during 
the 'formentatiou' were treated with ether, and the insoluble 
portion digested vith amjl alcohoL A current of carbon dioxide 
was passed through the solution, by which pobtssium carbonate 
and certain bases were precipitated, while the tyroeamiDes and 
other bases remained in solution. The amyl tdcohol waa re- 
moved by washing with very dilute sulphuric acid, the acid 
precipitated with Wium hydroxide, and the filtrate concentrated 
to a syrup, and boiled after the addition of water. The ciyatala, 
which had precipitated by the following day, were dissolved in 
water, and separated by fractional ciystalUsation into the two 
bases, CjlI^NO and CjHi.XO^ while the third, C^HuN'O^ was 
obtained from the mother liquid. 

The motit abuudaut was the base CgH„NO, which Gautier 
r^arded as poroiTpheny I -ethy lamina 

apparently deriveil from tyrosine by the loss of carbon dioxide. 

It dis^ilves in 90 to 100 parts' of water at 15' C, aod lanoA 
better tasting salts. 

Tlie hydnx-Uonde [C^H„XO.Ha] or^tallisea in [Jatea and 
needles- The platiuochloriile is Eairly soluble. 

The salts of ihe^ bases are not poisonous. 

Xn-DISE [CjH„XO]. 
This ptomaine, isomeric «~ilh cne of Gauiier's tmmmiDM, was 
found by Brii^^'r in putrid flesh, and in cuItiTalioDS of the BaaHmt 
t'ji^'.-yf^. It is an alkaline bade with stnw^ reducing pn^iertiea. 
It dei\'>iu|K.>:S<.'S on distillation. Its hydrwiikiride is oyalalline, 
aiKl rvdui.'x-s ferrioyauide mixed with a ferric salt. Its platmochlvide 
is very s^'luble. The (iMntc melts at IJo' C- It ia 
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MOESHUAMINE [C^HjoNjO,]. 

Another base isolated hy Gautier from 'fermented' cod's liver. 
It was one of the Hubstances precipitated hy carbon dioxide in the 
Beparatiou of the tyroeamines. 

It is a very hygroscopic and very alkaline base, partially vola- 
tilising at 110° C- It forma a crystalline hydrochloride and a 
soluble platinochloride. 

LYSINE [CgHi^NjOj]. 
This base is also one of the final products of pancreatic digestion. 
(See p. 184.) 

POUCHET'S BASES [CjH,^,0, and Cj'S^Sfi^. 
These were estiacted from decomposed meat. They were pre- 
cipitated with tuuniti, and the tannates decomposed, taken 
up with alcohol, and dialysed- The dtalyaed part yielded two 
platinochlorides, which could be precipitated by a mixture of 
alcohol and ether. One of these [(CjHigN30(,.HCl)„PtClJ was 
insoluble in concentrated alcohol, but the other was fairly soluble, 
and could bo separated as a yellow powder on the addition of 

The ptomauie CjH,gNjOg forms micro-scopic prisms turning 
brown in the light, while the ptomaine CgH^NjO, crystalliHCs iu 
needles and is more stable. 

Both tiasea are poisonous, producing stupor and paralysis. 

GUARESCHI'S BASE [C,,HijNjOJ. 

This base was extracted by Guareschi from fibrin which had 
been left to putrefy for several months. 

It crystallises iu plates, which melt at 248-250° C, aud are 
soluble in water, forming a neutral or slightly acid solution. 

It gives various ptom^ne reactions, and appears to bo the acid 
amide, C,jHo(COOH)j.(NH3)j. 

LEPIERRE'S BASE [C,6H„K,0J 
This ptomaine was found, in small quantity, in a cheese of 
goat's milk which had produced symptoms of poisouiug. 

It is a crj-Htalline, inodorous, lightly acid Itfiae, and is soluble 
in alcohol. The hydrochloride crystallises in large needles, which 
are very soluble. The platuiochloride aud aurochloride are crystal- 
line salts. 

It is slightly poisonous, causing diarrha» and digestive dis- 
turbances. 
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TTROTOXINE or TYROTOXICON (DIAZO BENZENE) 

This ptomaine was eepamted by VaughAn in 1883 from oheeae 
which had causod illnees. Sixteen Itilogrammeti of ibe cheese 
yielded only about one gramme of the ptoamine. It luu ainoe 
been found in ioe-creain. 

The cheese was extracted with acidified water, and the extrsct 
made alkahne with potasaium hydroxide and extracted with ether. 
The ethereal extract waa evaporated, the residue taken up with 
water, the residue from this solution agtua extracted with ether, 
which, on evaporation in vacuo, left microscopic Deedlea. 

Tyrotoiicon decomposes when heated to 90* C. in the preeenco 
of water. Its aqueous solution produced the aamo symptoma aa 
the poisonous cheese. It does not give all the ordinary alkaloid 
reactions, although it forma a platinochloride and gives the 
PnuBian-blue reaction. 

On adding two drops of sulphuric acid to a few drops of a con- 
ceutrated Holution of phenol containing a trace of tyrotoxioon, an 
orange coloration is obtained. But this reaction is not conclusive, 
aiiice it may also be given by nitrates, nitrites and by butyric acid. 

III. — Amides or Amido Acids. 

(a.) Aviulo AciiU of F<dty Acu! Sertet. 

OLYCOCOLL or AMIDO-ACETIC ACID [C,H,(NH,)0]. 

This has been found among the products of the putrefaction of 

various kinds of flesh. It ia also one of the final derivatives of tho 

panureatio digestion of gelatin. 

It forms crystalline salts with mineral odds, such sa the hydro- 
chloride (C,HgNO,),.Ha. 

Physiologically it is inoffonslve. 

BUTALANINE, or AMtDO-VALERIC ACID 
[CjHiiNOj or (NH2)CjHg.C0OH] 
accompanies leucine in the products of pancreatic digeatlon. Its hy- 
drochloride is insoluble in ether, but very soluble in water. It is not 
precipitated by platinum chloride. It is non-poisonous (see p. 164). 

S-AUIDO-VALERIC ACID [NH3.CH^CH,.Cas,CHrC00H]. 

This homologue of butotanino was isolated by E. and H. Sal- 
kowaki from the products of the bacterial decomposition of 
albumin. It is a oryatalline body, fairly soluble in water, slightly 
soluble in alcohol, and inwiuble in other. It melts at 15fi° C, 
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Its hydrochloride [CsHijNOyECl] forma BteUar crystalB, which 
are non-deliqueBcent The platinochloride is yellow and crystal- 
line {ef. p. 315). 

LEUCINE, or AMIDO-CAPROIC ACID 
[CgHijNOj or NHs.CjH„,.COOH]. 

This is a common constituent of putrefactive products, and is 
also produced in gastric and intestinal digestion. 

Its hydrochloride ie not precipitated by phoephotungstic acid or 
platinum chloride (see pp. 183 and 185), 

AMID05TEARIC ACID [C,gH„{NHj)Oj]. 

This was found by Gautier and it&td in putrefied flesL 
The free acid is insoluble in water, but very soluble in hot 
alcohol. It crystallises in needles which melt at 63° C. When 
heated at 140' C. it loses water, and is apparently converted into 
its anhydride C,gHssKO. 

OTHER LEUCINES and LEUCEINES 

are invariably found in the putrefaction products of meat or fish, 
such as more complex compounds of the general formula 

C„Hj,_,NOj. 
(J) Amido Acidt of Aromatic Series. 

TYROSINE [CaHiiNOj] or ;j-HyDOXYPHENYLi»-AMIDO 
PROPIONIC ACID 



rp „ /(CH,.CH.NHj.COOH) 



This is invariably present in putrefactive products, and accom- 
panies leucine as a normal constituent of the pancreas, liver and 
blood 

The hydrochloride is crystalline, and dissociated on contact with 
water. The platinochloride is very soluble and deliquescent. 

PHENYL-AMIDO-PROPIONIC ACID 
[C,Hj.CH2.CH.{NH,)C00H] 
was found by Nencki in the products of the action of anaerobic 
bacteria on fibrin. 
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ITOMAIKE [C„Hj^sO,]. 
Ouareechi isolfited a HubstaDCfi with this formula from putrefied 

It forms crystalline Itunellee, soluble in water and alcohol, and 
melting at 247° to 250°. 

The platinocbloride forms rosette-ahaped ciyetala. The hydro- 
chloride is precipitated by phoephomolybdic acid (yellow mass), and 
by picric acid (reddish-yellow precipitate). Gold chloride gives a 
precipitate which is instantly redu(ied. It gives the Prussian blue 
reaction. 

Uuareschi considered this compound to be an amido acid, but 
Gautier doubts this conclusion, since it gives precipitates with 
phoephomolybdic acid and with Bouchardat's reagent. 

IV. — Carbopyridic Adds. 
MORRHUIC ACID [C,HigNO,]. 
This was isolated by Gautier from cod-liver oil. It is a feeble 
acid, which is insoluble in ether, and forms salts with alkalies. 

Its platinochloride crystallises in soluble prisms. The auro- 
chlondo is amorphous. 

Physiologically it acts as a stimulant to the appetite, and is 
non-poisonous. 
Gautier considers that its probable constitution is 

CH 
HC^--^ \COH 



H„C C(C,H,)COOH. 

PATHOLOaiOAL PTOMAINES. 

In addition to the compounds described in the preceding pages, 

numerous basic substances have been isolated from the urine of 

patients suffering from difierent febrile diseases ; but these, being 

foreign to the subject of this book, need only be alluded to here. 
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HjmliBe caitil^r, tS. 
HTalogHu, lU. 
Ujduida in be< 2S4. 

iararfc,SM. 
BT(l»^lorie add. -— p— fc «( 

vith protasij^ 1«L 
Hjdngtn n^ihii* teat. Uw^ Tt. 



HjdnpoptODe, Msrck't, 199. 

HypouDihine, li. 

IHTUBOBIA, 227. 

IqJMtioD of albumoses uid jraptonM, 

U or blood, 43. 



lai. 

iDorgui 



oFbone, 31. 

of mtucle, 21. 
Inoainic acid, 19. 
luoaiU, 20. 

' IntoiioatioD,' putrid, 224, 278. 
lodiM T&lne, bromioe - tbermAl 
mKfaad of dBtinnming, 93. 

HQbl'imathod of determining, 92. 

of liquid fat^ acida, 96, 98. 

Wija'matliodaf detarmiulDg, S3. 
IridMMDM of OMh, 71. 
Iron, dBtaction of blood in prawnM 



iH-kreattoiDS in the haddock, 10. 
Jico&io acid in ood-Uver oil, 27. 
Jnicai of fioieD meat, 101. 

of meat, changes in colour on 
cooking, 211. 

' 'jieteriliution, 21G. 



Eabkuau or dried etock-Gah, 107. 
Eemmerieh'a meat eitiaot, analyaea 
of, 193, 19S, igs. 

method of aeparating proteidi, 
200. 

peptone, eompontiaii of, 198, 203. 

peptone, manafacture of, 1S9. 
Keratin, eharactenttica of, IM. 

oompoaition of, 119. 
Eoch'i comma bacillui, 220. 

peptone, composition of, 203. 

peptone, manufacture of, 186. 
Eraatine, 8, 187. 
Kraatinie baaea, 8. 
KreatiDiDe, S, 187. 
Knatinine, amount of, in moacle, 9. 

food Talue of, 187. 

Weyl'e reaction far, 10. 
Eiihne'a method of obtaining moade 

plasma, G. 
LiOTio acid in mnacla, 20. 

in taoM^ 182. 
I«0tO4lbnmin, 149. 
Lamb, compoaitiou of a, 19. 
Itfinb'a fleih, digestibUitr of, 87. 



lArd, constants of, S7. 

diflersnce between European 
and American, G6. 
Lead in canned meals, 117. 
Lead, acetate, precipitation of proteids 



precipits 
), 20G. 



■epamtioQ of, 19. 
Lepierre'i base, 319. 
Leuceioes, 321. 
Leucine, 17, 183, 321. 
Lencocytes, 38. 

in green oysten, 88. 
Leucomaines (ptomaines], 218. 

formation of, 7, 217. 



174, 19S, 197, 200, ;; 

manufacture of, 188. 

peptones in, 198, 202, 201, 308. 

unclsaaified uitrogenooa oon- 
etitnenta of, 198, 2Dfi. 
See ' Meat EztracCs.' 
Linolenic sold, characMriiitica of, 27. 

determiaatioQ of, 101. 

in lard, 6B. 
Linolic add, characteristics of, 27. 

detennination of, 101. 

in bone fst, 25, e8. 

in lard, 85. 

in ox-tallov, 101. 
Upoohromes, 7, 12, 4B, «. 
Liver flnkes, 2G1. 

sausa^, 126, 127. 
Lobster, digeetibility of, 87. 

flesh of, 87. 

potted, lis. 
Losances, bovril, 198, IS9. 
LyssUae, 184. 
Lysine, 1S4, 319. 

UACKBI.BL, cooked, 210. 

fleah of, 6C, 87. 

smoked. 111. 
UageninirB^ 12S. 
Ua^'s meat extract, 199. 
Hagneaium sulphate, precipitation of 

protaids by, 185, 171, 171, 206. 
Malignant oedema, bacillua of, 281. 

Besh of infected animals, 381. 
HsJlein reaction, 288. 
Mallet's method of datermining 

amids nitrogen, 88, 107. 
Uareonin, 88. 
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' Meulw,' destractioii o( 248. 

in beef, 231. 

in hkin, 2G0. 

in pork, 236. 
Meat, ictioa of forcaalin on, 123. 

■□im&l psraaitea iu, 211, 227. 

bacUria of, 212, 269. 

bi«et, 167, 1B2. 

bucuitB, 106, 107. 

blown, 77. 

canned, 112. 

ch*i«oCemtie8 of good, 72. 

cocoa, loe.- 

cooked, 208. 

digMtibitity of, 86. 

food value of, 88. 

frozen, 104. 

infccUd, SIS. 

jniMeor 101, 214. 

scheme lor eiamination of, 80. 

treatnientof, with antbeptica, 76. 
Meat extractives, 7, 4B, 102, 106. 
HMt extncta, added meat fibre in, 
187. 

added wdt in, 183. 

albumio in, 187. 

analjiea of, 192. 

conipoaitioQ of, 196, 197, 199, 
203, 2DG. 

fleabbasBBin, 187. 

food value of, 137. 

gelatin in, 188, 202. 

manufacture of, 184. 

methods of analyaing, 192. 

peptones in, 196, 20^, 201, 203. 

phfaiological value of, 187. 

nnclaaaitied nitragenoua com- 
pounds in, 198, 205. 
Ueat juice. Brand's, 197. 

Valentine's, 1B7. 

' Vitalia,' 197. 

■Wyeth's, 197. 
Ueats, potted, 113. 
Heknoais, 70. 
Melting-point of fats, 91. 
Uorck'a peptone, I7C, 188, 203. 
llercunc chloride, precipititionof pro- 
teidaby, 167, 171, 173, 20C. 

iodide, precipitation of proteids 
by, 171. 
Ueilnaine, 800. 
Aletale in canned meati, 116. 

precipitation of proleids hj 
saltaof, 165. 
Methteruoftlobin. 33, 39. 
Xethjhmiaf, SOO. 



Hethyl-gwiiniDe, 317. 
Hetbyl-glycocoll, 17. 
Hethyl-guanidines, B, 221, SOT. 
Uettwttnt, 127. 
Uiero-orgaaitma, detcrmiDatioii of 

the numLier of, in flesh, 287. 
Microscopical examination of flsah, 

117, 112, 250, 2S7. 
MicTOtomu, 267. 
Miensher'a tubes, 228, SG9. 



nofhi 



1, 329. 



Hillon'B proteid reaction, 1 SI, ISZ. 
Mineral matter in blood, 12. 

in bone, 81. 

in muaole, 21, 

in moede, detennbttion of, 79. 
Moisture in muscle, abnormal, 79. 

determination of, 76. 
Monamines, 323, 300. 
Morrbuamiue, 319. 
Morrhuic add, 822. 
Morrhnine, 309. 
Mucin, 21, 119, 153. 
Mucoids, 1S3. 
Mule's Uesh, 56, 135. 
Murexide t«at for zaathine, IS. 
Muscarine, 223, 225, 318. 
Mutcls, chemical compontioD of, 22. 

colouring matters of, 6, 7, 70. 

free acids of dead, 19. 

mineral constituents of, 31. 

non-nitrogenous organic con- 
atituents of, 7. 

proteid constituents of, 4. 

naetaoa of, 19, 76, 76. 

atniotnre of, 1. 
Hnaole diatoroum, 2S1. 
Huecle plasms, 6. 
Muscle ra^-fungos, 259, 296. 
Muscle trichina, 261 
Mnsoular fibre, determination of, 89. 
Mnisel, fleab of, S7, 68. 

poisoning by, 221, 316. 
Mutton, ' brsiy,' 63. 

characteristica of, SI. 

chow, 209. 

oooked, 208. 

digestibility of, 87. 

food value of, 8& 
Huttoa fst, constaDti of, 51. 

stearic acid in, 61. 
Mydaleine, 317. 
Mydatozins, 231, 226, S16. 
Mydine, 231, 318. 
llyogen, 6. 

fibrin, 6. 



UjohamaUn, 7. 
Hyoprotoid, 6. 
Mjonn, 6, 14&. 

■cdon of certain dyea on, 113. 

[irodnctiofCheproteol;ai«of, ISl. 
Hjodn-Sbrin, 6. 
M;ptilotDzinB, 222, 81G. 
Mbmatosa, 252. 

Scnridioe, 17, 218, 322, 224, SOS. 
KeuriDe, 218, 223, 22C, 311. 
Nenrinic bues, 311. 

leucomainea, 8. 
Nicomorrhoiite, 310. 
Kiebel'i method of aatlowting 

glycogen, 137. 
KiCra, ution of, on hamoBlabln, lit, 
146. 

M e fleah-cotonr praaerTatire, 
107, HG. 
Nitrogen, amiile, eatioiation o( 82. 

lUetlioUii of detarniining, 80. 
Nitrogenoiu conatitncDta of niMt 

eztracta, 192, 193. 
Noa-ittiatod ntiuclt, 1. 
Nuoleine, 6, 80. 

oompoaition of, 3, 14B. 
Nucleo-iibumin, 4, 

action of certUQ djas on, 113. 
Nutrient umts of fiesb, 83. 
KntriCire ralue of commercial pep- 
toDM, 189, IBl. 

of meat eztracta, 187. 
Odouk of blood, 83. 

of fleah, inSnence ofaeion, ES, 78. 
Oleic acid, cbaracteriitica of, 27. 

FarDateiner'i method of leparat- 
ing, 100. 

in pig's fat, GS. 
Olein, 26, 27. 

Optical rotatioD of proteide, 133. 
Oiaein, 31. 
Oaaeoui tiaiue, composition of, 31. 

■tractare of, 20. 
OatraciOD or tmnk-Sah, 320. 
Oi, blood of the, 13. 

boDM of the, 21, 32. 

compOMtion of an, 49. 
Ox, cyaticerciu of the, 231, 233, 24& 
OZ'fleab, action of uotaaiium hydros- 
Ida on, 131. 

characteriatica of, 49. 

compoaition ot 47, 19, 60, lOG. 

digeiUbiUty of, GO, 8S. 

eicractivai from, IS. 
SM'BevC' 
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Ox tallow, 60. 

Ox tongue, amolced. 111. 

Oxygen in blood, 42, 

OiyLamocyftuin, IS. 

Ozy hEEmoglobin, charactariaticBof,81. 

compoaition of, 35, 140. 

cryeula, 84. 

tatimation of, 38. 

identilication of, 36. 

leparation of, 31. 

■pectnim of, 88, 8S. 
Oyateia, composition of, 38, 210, SIl. 

copper in, S8, 117. 

gneu, as. 

hnmoljmph of, IC, 8S. 

liquid ID, 67. 

I«tbDZBuic bacteria in, 298, 

phospDoms in, 88. 

Palmitic acid in pigs' (at, S8. 

characteriatica of, S7. 
Palmitiu, 27. 
Fancreatia digestion, 80. 

action of, on proteids, 182. 

eiperimenta with, 30. 
Pancreatic peptoutu, couirHMition of, 
199, 203. 

niaauTaotura of, 190. 
Papayotin, proteid digestion by, 186. 

uiauufactore of coiomercial pep- 

toiioa by, 185, 198. 

Papayotin peiitones, analyses of, 203. 

Faraglobulinfserumglobuliuj, 41,119. 

Pamutes, animiil, action of cuUl upon, 

219, 2S1. 

action of cooking upon, 211, 248. 

action of putrefaction on, 219,388. 

detection ot, in Snh, 2S0, 267. 

in Hesb, 211, 227. 

inHaeoct of salting on, 283. 

inBauuce of smokiiigou, 250,233. 

thermal death ininta of, 211, 248, 
2dl, 2B2. 
Paraianthine, 16. 
Parvoliue, ^24, 308. 
Pati de fuie gras, 118. 
Pathogeaic bacteria iu Uesb, 279. 
Pathological ptomainea, 322, 
Pemmican, 104. 
Peptic digaation of proteida, 179. 

experiments, 86, 

peptone* jirepared by, 190. 
Feptoues, actiou uf dyea ou, 113. 

action of foriuaidehyde on, 178, 
199. 

okatactanatica of, V&%. 
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Pig's fftt. characlwiitics of, 65. 




constants of, 87. 


.Old. 180. 


Pig's flelb, 21, 47, 66. 


wtimnion of, 173, 193, 195. 


W-Pirk.' 


flesh, analyB&i of, 190. 20S, 20S. 


Pike, fieah of the, 21,66. 


Beah,pre{«red bf i<apBf otin, ISO. 


Plasma, blood-, 40, 42. 


Besh, prepsrod by i^psin, ISO. 


mnscle-, 4, 6. 


Bub, prepared by guperheatw) 




steam, 189. 


iifected»ith, 294. 


flesh, prepared by trypsin, IBO, 




fromfieUtin, 169, 162. 
Injection of, into ths blood. Ifil. 


PoisoDOufl canned meat, IIB. 


lish, 219. 


in meat eitncts, IBS, 201, 206. 


Deeb, 216. 


Kemmerich's, 1S9, 198. 203. 


mnssela, 221. 


Koch's, 189, 203. 


saiuBgea, 22G. 




Sci • Ptoinainea-' 


praeipiUtionof.bybromin*. 168. 


Poiaons, effect of. on flesh, 319. 




Polony sausages, 128. 


tUDgrtic aciJ, 167. 


Pork, characteristics of, 6i. 




composition of. 66- 


acetat«, 173. 




Witte'B, 206. 


food Tslne of. 89. 


Stt 'Ana-- u>d 'Hemi-pep- 


glTEogen in, 138, 139. 


tODOi." 


mBuence of pig's food on, 5S. 


Perch, flesli of the, 65. 


minenl constitneuu of, 11. 




aausagea. 128, 


ini«UtioDto, IGS. 






mnscle, 134. 


Phiwpho .comic acid, 6, 82. 






Pouohefsbaaea, 319. 


precipitant, 174- 


ptomaine exttaction method. J»8. 


PhosphorescMit flesli, bacilli of, 273. 


Preservation of flesh, by antiMptia^ 


occurrence of, 272. 


118. 


Phoephoricacid, deleniiiuatiou of, SO. 


by cold, 109. 


Phoepboras, in blood, 43. 


by drying, 10«. 


tn fiah, 21. 




in Bcsh, 22. 80. 


by Mltiog, 107. 


in oysters, 88. 


by smoking, 110. 


in lecithuu, 21,80. 




innucleins,Sl, 80. 


Pm.peptones, 165, 203. 








Proteida, action of formaldebTde «a, 




176, 198- 


method of preparing, 168. 


classitication of, lEO. 


PhyBJolopcal KiiienniEnta in digea- 


ooagulationof, 183, 161. 


tion, 87- 


colour reactions of, 160. 


of flesh. 108. 




«ud, 160- 


Picric acid, preuinitation of proteidt 




by. 174. 






190. 


Pig, composition of a, 49. 




Pigeon, fat of the, 63. 


decomposition by aalphario Hid. 


flesh of the, SO, 31. 


176. 


Piginenta in Ilesh, 6, 7. 70, 71. 




Pig's blood, hemoglobin of, 144. 


steam, 177, 1S9. 


,_ 


, 



Pmtaidi, decompodtioii bj tiypaiii, 
182, 190. 
opticu rotstioQ of, 1S3. 
predpitation of, bj alcobol, lOi, 



pren|.i 

precipitatiOD by phoBphotung- 
stic *cid, 107. 

pTocipitfttionby'saltiaKonti'iei. 

precipitation by tanniii, 174. 
Protoia-oBromogon, 181, 
Proteolifsis, prodacUof, ISl. 
Proteoses, charvctcristlcB of, ISt. 

oomposition of, 146, ISl. 

deutero-, IfiG, 1G6, 181. 

primuy, IGG, ISt. 
Froto-albumoaes, ISS, 161. 
Protoioa, 227. 
Fseudo-xuitliiQe, 14. 
Fsorospsrm ■ucoIm, 228. 
PtomunM, ohanScation of, 32S. 

oompMitioit of, 22S. 

extnction of, 2S8. 

fle«h of uiiiniJ* poimisd by, 278. 

known also as lenooiiuunea, 218. 

pathological, S22. 

aeparation of, S98. 

■ymptoDU of poisoning by, SSL 
Purple flesh, 71. 
PDtrebotiDn, bacteria of, 271. 

bacterial prodacti of, 277. 

Eber'atestfbr, 7G. 

influence of, on animal panaitet, 
219, 2S3. 

ptomaints formed during the, 333. 

reaction of fleeh during, 19, 71, 75. 
PutTEBcine, characteristics of, SOS, 

phyiiological eflecta of, 331. 

sepnration of, SOS. 
■ Putnd intoxication,' 278. 
I'ywnia, 279. 

Pyt^nio bacteria in flesh, 279. 
Pyridine S07. 

QUABTRB-BTrL, baciUni of, 38S. 

fleah of infected animals, 389. 
Quick^alting procsaa, Bckart's, 107. 

Rabbit, bones of the, 81. 

oocmdaal diiesie of the, 329. 
bt of, 6S. 
Ossh of, SO. 
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Babbit, food Taloe of, 8S. 

mineral matter in flesh o^ 21. 
Babbit septictemia, 281. 
Babies, deatniction of Tiros of, by 
beat, 21S, 285. 

fleshofanimaUiiif»ctedwith,285. 

virus of, 28G. 
Ram, flesh of the, 83. 
Bay-fangua, muscle, 259, 296. 
Reaction to litmus, of blood, 83. 

of canned meat, 118. 

of caviar. 110. 

of muscle, IS, 76, 70. 
Bed corpDscles of blood, SS. 

BauHSse, 128. 
BeilncM of flesh, abnonnal, 71- 
Reichert value, determination of, 91. 
Rigor mortis, 1, 16, 209. 
Biuderpest, 291. 

flesh of infectsd animals, 295. 
' Ripening ' of game, 82. 
Roasting of Seah, 208. 
Roeoffiab, 13, 106. 

poisonous, 218, 220. 
Bontgen rays, trichin« detection by, 

258. 
' Roseline,' 72. 
Rose's method of separating fktty 

acids, 98. 
Rust, detection of blood in preMDCe 
of, 11. 



IIS. 

action of, on flesh proteids, 118. 
Salami irunt, 128. 
Salicylio acid, detection of, 12X 

flesh preserved with, 78, 133. 
Salmon, canned, 118. 

colonring matter in flesh of, 7, 
91, 117. 

cooked, 310, 211. 

digestibility of, 87. 

fleah of, 90. 

ova of, 117. 
Salmon, pottad, 118. 

smoked, lit. 
Salt in meat exttaota, 138. 
Salt flsh, 108. 
Salt meat, 108. 

Salting, action of, on animal paruitea, 
288. 

action of. on bacteria, 108. 

inflntnce of, on the fledi, 108, 

methods of, 107. 
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Stponiflcttioii voltie, detenniiutioii 

of, 93. 
Skpmmia, 26B, 21i. 
StpriD*, 32S, 221, SW. 
Skprophjtia bacteria, 274, 279. 
Saicina, 14. 

Saroolactic acid, 20, 103. 
SaicolnoniB, 2, S, 6. 
Sarcoplum, 4, S. 
SarcoatDe, 17. 
Sarcani Elements, 4. 
SardinM, canned. Hi. 

cooked, 210, 211. 

oil of, Sft. 

red coloratioD of, IIG. 
8»nciaaes, 1S8. 
SaitciasoDB, 128. 
Sansages, acidity of, 133. 

American, trichinK in, 204. 

•naljsBS of, 127, 128. 

aDimal patasitea in, S4S, 2S3, 
364. 

artificial coloration of, 142. 

bacteria in, 289, 272, 278. 

blood, 125, 137. 

compoaitioQ of, 125, 138. 

cookinE of, 262. 

Bnslii£, 1S6, 138. 

aiaminatioD of, 129-146. 

Prencb, 12S. 

Oenpau, 129, 127. 

niitlein, 133. 

hone Besli in. 133. 

liTM, 125, 137. 

phosphorescent, S7X 

poiaoniDg, 325, 278. 

ptwiiiatJTw in, 118, 132. 

■penfic gT»Tit; of, 130. 

ttarehui, 130. 

tamperatiina in cookiDg, 314. 

watwiD, 139. 
ST*Be«f,"Pork.' 
Sattloy^ 1S8. 
Scarlet flesh, 71. 
Scharer^ teat for iooaite, SO. 
SehjeniDg^analjaea of meat eitntt*, 
174. 305. 

pR>tttd*,*eMratioQ method, 171. 
SdtjvniDg'i obeerratiotu on the 

uadpitation of protaid^ 1S5. 
3chzv>tt«r^ allHunoae, 157. 
Scombrine, 311. 
SejlUte, 31. 
Section cattinK, 267. 
SeptiwfDia, S«*h of animala inhetad 
with, 314, 330. 



Septicwnia, miero-orgaDiami of, 280. 

See ' Rabbit' 
8«nim-albnmin, 41, 149. 
Semm-globnltn, 41. 
Sertunofcairi blood, proteidaii), 174. 

Sa • Blood.' 
Sex, inflaence of, on the flMh of 

animaU, 19, SI, 54, 77, 78. 
Shark oil, constanta of, U. 
Sheep, bones of, SI. 

composition of a, 49. 
CTsticeretu of, 242, 
fat of, 53. 
Seah of, 47, 61, G3. 
5m ■ Mutton.' 
Sheep-poi, 369. 
SheU-fish, bactaria in, 396. 
blood of, 45. 
digMtibilit7 of, 87. 
fleah of, 63. 

mineral matter in flaah of; 21. 
Skate oH, constanta of, 6«. 
Smoked flrah, bacteria in, 370. 

composition et. 111. 
Smoking, astian of, on animal 
parantea, 3G9, 261 

action of, on bacteria, 110. 
inflnencs of, on fltdi. 111, 
" "of, 110. 
of, 68. 
. "«• 

Sodiom chhirids, pradpitatiaa of 
pnteida I^, 186, 

eolonr with, 146. 
Sole, fivh of. cooked, 310, 311. 
SoiMtoM, 171, 189. 
Soap, 309. 
Speeific giBTitj of ei 



Spectra 

dcrivatlTca, 31 
SpiiiUa, 366.37 
Sqniml, I 

the blood et. 35. 
' Stag, tat of, S3. 
■8tBQei«'inahaap,141. 
StainiBf tiiwii, nstboda «f , St7. 
HtiKimt cUoHdc, pnenttatMa < 

ptotadal?. ITO, 173, SOL 
8taphjIoeoad.SI3.SlS.SM,lT0,t7t. 
Stateh, d-' =— "— -» : 



ISO. 



Steam, actioTi of laperlieated, on 
fle«h, !77. 

action or, on proteidi, 178. 

maDuraciura of pcptonea by, 18B, 
Stearis acid, characteruties of, 27> 

deCarmination of. 99. 

in animal fat>, 29. 54, 5S, E8. 
Staarin, 25, 27. 
Steriliution of Besh, 112. 

fablic, 214. 
-fish, dried, 107. 
Streptococci, 212, 286, 276. 
Striatad muKuUr fibre, 1, 4. 
Stroma eubBtancs, 7. 
Stnrgaon, roe of. S*e 'Caviar.' 
Sulphites, action of, ooSaah, 78, 121. 

detection of, 121. 
Snlphur-compouDda, Eber*! test, 73. 

formed in ' heating ' ofgama, 62. 

formed in ripening of game, 62. 
Salpbnr in flesh, 21. 

determination of, 80, 
Snlpharicacld, action of, oDpTot«ida, 
176. 

Twitcbell'a method of aeparating 
liquid fatty acids with, 99. 
Snipbarous acid t a flesh preserra- 

tiTe, 76, 120. 
Susotoxine, 282. 
Swt&e, cytticercuB of, 23S. 
Swine erysipelas, 7S, 283. 
Swine ferer, 281. 

S4t 'Pig 'and 'Pork.' 
SyntoniD, 6, IGO, 1G6. 166. 

absorption of, in the system, 161. 

action of certain dyes on , IIS. 

characteristics of, 1G2, 164. 

detenninatian of, 189, 192. 

in meat ectracU, 191, 162. 



«p«, 244. 

lollu, 241. 

erina, 331, 244. 
ecbinococcun, 231, 242. 
OaTo-poncteCa, 244. 
longicoUis, 244. 
madagascarienais, 244. 
mswiuata, 231, 2SS. 
memocanellata, 231, 282. 
>, 244. 



parfoliata, 241. 
aaginata, 281, 282. 
•wrtta, 2S1, 339. 
•Oliam, 281, 234. 
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Tnniatenells, 231, 211. 
Tnniadn, 230, 244. 

and their related cystieercl, 231. 

thennal death points of, 248. 
Tallow. Set ' Ox.' 
Tanniii, Almen'i reagent, 174. 

preeipitation of proteids hy, 83, 
167, 174. 
TapawonnB, cystic, 282. 

hosts of, 231. 

ordinary, 244. 
Stx 'TiEDia' and 'Tsniada.' 
Tasssjo, Catae, 104. 
Tsoiine, 18. 
Tetanni, badllus of, S81. 

btcUlna of, thermal death point, 
212. 

fl«h of infected animals, 286. 

Tiras of, influence of hett od, 
218, SSG. 
Thrombin or Gbrin ferment, 41. 
Tin in canned meats, 116. 
Tin chloride, precipitation of pro- 
teids by, 170, 172, 205. 
Tongne, canned, 113. 

petted, 118. 

■moked. 111. 

toughness of, 78. 
Touirhnsss of Sesh, determination of, 

7f. 
Toxalbumoses, 191, 218. 
Tozigenes, 22G. 
Toiines, bscterial, 21 S, 278. 

bacterial, action of heat on, 318, 
236. 

in fish, 64,231, 223. 

in flesh, 217, 218, 278. 
Trematoda, 261, 
Trichina spiralia, intestinal, 26S. 

muscle, 2G4. 
TriebiUK, bodies liable to be mistaken 
for, 2G8. 

detMtion of. In flesh, SG8. 

inflaence of cold on, SSI. 
Triehing, iuflueiice of cooking on, 
211, 263. 

influence of beat on, 282. 

intlaence of putrefaction on, 383. 

influence of salting on, 263. 

Inflnence of smoking on, 283. 

inspection of meat for, 2S7. 

number of,in infected fleib, 2^7. 



Triol 



n of, in flesh, 260. 



ibi^osis, ocJurrence of, 363. 
preTCDtion of, 262. 
•ymptotns of, 250. 
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Trichlormcetic acid as a proteid pre- 
cipitant, 165. 
TriotbylamiDe, 223, 801. 
TrimeUiylamine, 109, 228, 800. 
Trimethylenediamine, 8^2. 
Trout, digestibility of, 87. 
Trypsin, action of, on proteids, 182. 

digestion of gelatin by, 185. 

manufactnre of peptones by, 190. 
Tryptic digestion, artincial, 88. 
T^ptone, 176. 

Tirptophan (protein-chromogen), 184. 
Tubercalin test, 292. 
Tuberculosis, fiber's test for, 74. 

flesh of infected animals, 218, 291. 

in cold-blooded animals, 294. 

occurrence of, 289, 293. 

symptoms of, 289. 

toxine of, action of heat on, 213. 
Tuberculosis, bacillus of, 289. 

action of gastric juice on, 290. 

influence of cooking on, 290. 

influence of putrefaction on, 29L 

influence of salting on, 290. 

influence of smoking on, 290. 

thermal death point of, 212, 290. 
Turbot, composition of, 210, 211. 
Turkey, bones of the, 31, 32. 

&t of the, 63. 
Tyrosamines, 224, 318. 
Tyrosine as a digestion product, 188. 

as a ptomaine, 321. 

characteristics of, 18. 

deposits in ham, 260. 

in flesh, 18. 

separation of^ 184. 
Tyrotozine or tyrotoxicon, 820. 

UbAnium* acetate, precipitation of 

proteids by, 159. 170, 171, 178. 
Urase, 151. 

Urine, extravasation of, into moseolar 
tissue, 79. 
kreatinine in, 9. 
ptomaines in, 322. 
removal of peptones by, 191. 

Valxktinx's meat j nice, 197. 



Van Ermengem's bacillus of mi 

poisoning, 226, 278. 
Veal, characteristics of, 51. 
composition of, 47, 51. 
extractives from, 48. 
immature, 51. 
See ' Calf.' 
Venison, composition of, 60, 61. 
fat, constants of, 68. 
See 'Game.' 
Violet coloration of flash, 71, 272. 
' Vitalia ' meat juice, 197. 
Vitelline, 150, 152, 167. 

Watxr in flesh, 21. 

abnormal proportion of, 79. 

absorption of, by flesh, 142. 

determination of, 79. 

in meat extracts, 187, 198, 197. 

in sausages, 129. 
Weigert's method of staining, 267. 
White flesh, 70. 

White of egff, 148, 149, 162, 158, 169. 
Wild animiOs, fat of, 60, 68. 

flesh of, 60. 
Wild cat, fat of, 61. 

duck, fat of, 68. 

goose, fat of, 63. 

rabbit, fat of, 68. 
See *Oame.' 
Wildseuche, 281. 
Witte's peptone, 171, 174, 206. 
Wyeth's meat juice, 197. 
Wttrste, 125, 127. 

Xanthio bases, 8, 11. 

tests for, 11. 
Xanthine, 15. 

See 'Hetero-,' 'Para-,' and 
' Pseudo-xan thine.' 
Xantho-kreatinine, 10. 
Xantho-proteic reaction, 161. 
Xantoais, 71. 

Yellow flesh, 70. 
Yolk of egg, 18,152. 

Ziar, 160. 

Zinc sulphate aa a proteid precipitant, 
164, 192, 198. 
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